Google 



This is adigital copy ofa bix>k lhal was preserved for generál ions on library sIil-Ivl-s before il was carefully scanncd by Google as pari of a projed 

to make the worlďs books discovcrable onlinc. 

Il has survived long enough Tor ihe copyrighl lo expire and the book to enter the public domain. A public domain book is onc lhal was never subjecl 

lo copyright or whosc legal copyright term has expired. Whcthcr a book is in the public domain may vary country locountry. Public domain books 

are our gateways lo the pásl. representing a weallh of hislory. cullure and knowledge thaťs often dillicull lo discover. 

Marks. noialions and other marginalia present in the originál volume will appear in this lile - a reminder of this book's long journey from ihc 

publisher lo a library and linally lo you. 

Usage guidelines 

Google is proud to partner with libraries lo digili/e public domain malerials and make ihem widely accessible. Public domain books belong to ihc 
public and wc are merely their cuslodians. Neverlheless. this work is expensive. so in order lo keep providing ihis resource. we háve taken sleps to 
prevent abuse by commercial parlics. iiicliidmg placmg lechnical reslriclions on aulomaled uuerying. 
We alsoask that you: 

+ Make n on -commercial use oftheplvs Wc designed Google Book Search for use by individuals. and we reuuesl lhal you use these files for 
personál, non-commercial purposes. 

+ Refrain from mttoinatud querying Do not send aulomaled uueries of any sorl to Google's systém: If you are conducling research on machine 
translation. oplical characler recognilion or olher areas where access to a large amounl of lexl is helpful. please conlact us. We encourage the 
use of public domain malerials for these purposes and may bc able to help. 

+ Maintain attribution The Google "watermark" you sec on each lile is essenlial for informing people aboul this projed and helping them lind 
addilional malerials ihrough Google Book Search. Please do noi remove il. 

+ Keep it legal Whatever your use, remember lhal you are responsible for ensuring lhal whal you are doing is legal. Do not assume that just 
because we believe a book is in the public domain for users in ihc United Siatcs. lhal ihc work is also in the public domain for users in other 

counlries. Whelhcr a book is slili in copyrighl varies from counlry lo counlry. and we can'l offer guidancc on whelher any specilic use of 
any specilic bix>k is allowed. Please do nol assume lhal a book's appearance in Google Book Search mcans il can bc ušed in any manner 
anywhere in ihe world. Copyrighl infringcmcnl liabilily can bc quite severe. 

About Google Book Search 

Google 's mission is lo organize the worlďs information and to make it universally accessible and useful. Google Book Search helps readers 
discover ihc worlďs books while liclpuis; aulliors and publishcrs reach new audiences. You can search ihrough ihe J li 1 1 lexl of this book on ihe web 
at |http : //books . qooqle . com/| 



Google 



Acerca de este libro 

Esta es una copia digilal de un libro quc. durante generaciones. si; ha conservado cn Ills eslanlerías de una biblioleca. IulsIll l|lil- Google ha decidido 

escanearlo como parle dc un proycclo quc ]"H"L'R'ii i_Il" quc sca posiblc deseubrir cn linea libros dc lodo cl mundo. 

IIll sobrevivido lanlos aňos como para quc los derechos de aulor hayan expirado y cl libro pase li ser dc dominio público. El quc un libro sca dc 

dominio público signilica quc nunca ha csiado prolegido por derechos dc aulor. o bicn quc cl periodo legal dc csios derechos ya ha expirado. Es 

pusibk' quc una misma obra sca dc dominio público cn unos paises y. sin embargo, no lo sca cn olros. Los libros dc dominio público son nucslras 

puertas hacia cl pasado. suponen un patrimonio hislórico. cullural y dc conocimicnlos quc. a menudo. rcsulla dilTcil dc deseubrir. 

Todas las anolacioncs. marcas y olras scfialcs cn los márgenes quc eslén prcscnlcs cn cl volumen originál aparccerán lambičn cn cslc archivo como 

testimoniodcl largo viaje quc cl libro harccorrido desdc cl editor hasla la biblioicca y. linalmcntc, hastausted. 

Nor mas de uso 

Google se cnorgullccc dc poder colaborar con dislinlas bibliolccas para digilali/ar los malcrialcs dc dominio público a lin dc haccrlos acccsiblcs 
a todo cl mundo. Los libros dc dominio público son palrimonio dc lodos. nosolros somos sus humildcs guardianes. No obstán le. se trata de un 
trabajocaro. Por cslc m olivo, y para poder ofreecr este recurso. hemos lomado medidas para cvilar quc se produzeaun abuso por pane de lerceros 
con lines comcrcialcs. y hemos incluido reslriccioncs lécnicas sobrc las soliciludes aulomali/adas. 
Asimismo, le pedimos quc: 

+ Haga un uso exclusivcimente no comercial de estos archivos Hemos diseňado la Búsqucda de libros de Google para cl usodc particulares; 
como tal, le pedimos quc milice estos archivos con lines personales. y no comcrciales. 

+ No envíe solit i tu cle. s ciutoincitizciclci.s Por favor. no envíe soliciludes aulomali/adas de ningún lipo al sislema de Google. Si está llevando a 
cabo una invesligación sobrc Iraducción aulomálica, rcconocimicnlo óplico dc caraclcrcs u olros campos para los quc resulte ulil dislrular 
dc aceeso a una gran cantidad dc tcxio. por favor. cnvícnos un mensaje. Fomentamos cl uso dc malcrialcs de dominio público con estos 
propositos y seguro quc podremos ayudarle. 

+ Conservelu utrihuiión La liligranade Google quc veráen lodos los archivos es fundamenlal para iril\>niiur a los usuarios sobrc este pro yec to 
y ayudarles a enconlrar malcrialcs adicionalcs cn la Búsqucda dc libros dc Google. Por favor, no la elimine. 

+ Manténgase siempre clentro cle lei leguliclucl Sca cual sca cl uso quc haga de eslos malcrialcs. reeuerde quc es responsable de asegurarse dc 
quc todo lo quc háce es legal. No dé por senlado quc, por cl hecho de quc una obra se considere dc dominio público para los usuarios dc 
los Estados Unidos. lo sera lambičn para los usuarios de olros paises. La legislación sobrc derechos de aulor varía de un país a otro, y no 
podemos facililar información sobie si eslá permilido un uso especílico dc algún libro. Por favor, no suponga quc la aparición de un libro cn 
nueslro programa signilica quc se puede ulili/ar de igual manera cn todo cl mundo. La responsabilidad anle la infracción dc los derechos de 
autor puede ser muy grave. 

Acerca de la Bíísqueda de libros de Google 



LI objelivo dc Google consislc cn organ i/ar información proccdcnlc dc lodo cl mundo y haccrla acccsiblc y ulil dc forma univcrsal. LI programa dc 
Búsqucda de libros dc Google ayuda a los leclores a deseubrir los libros de lodo cl ni mul o a la ve/ quc aymla a aiilurcs y cilil uivs a llcgar a nuevas 
audiencias. Podrá reali/ar búsquedas cn cl lexlo complelo de cslc libro cn la web. cn la páiiina l^. :. .- : / .■■:;-:.-:.::;: . ::-:.oqle .com| 



I 



r r 



I 



i 



.'JO AGR1CULTURAL EXPERIMENT STATION, 

FRANK D. GAtíDNER, Speciál Agent in Charge, 
Mayagties, September, 1909. 



Bulletin No. 1. 



LipKAKY, 

UNIVKRSITY 

— -OF-- 

"CALIFORNIA. 



.« 



i 



THE AGRICOLTGRAL EXPERIMENT STATION OF PORTO RICO; 1TS 
ESTABLISHMENT, LOCATION, AND PDRPOSE. 



«Y 



FRANK I). UARDNER. 



UNDER THE 8UPERVISION OF 

OFFICE OF KXPKKIMEVT STATIOXS, 

T. K. DKIWRTMENT <>F AGKKTI.TrHK. 




WASHINGTON: 

GOVERNMENT ťRIXTING OFFICE. 

19 3. 



( r-.i 



** 



*GRIfc 
UBP'Ht 



M 



i 



POETO RICO AGRICTTLTTTRAL EXPERIMENT STATION, MAYAGttEZ, 

POETO EIGO. 

[Under the supervision of A. C. True, Director of the Office of Experiment Statione 

United States Department of Agriculture.] 

STATION STAFF. 

Frank D. Gardner, Speciál Agent in Charge. 
O. W. Barrett, Enlomoloalst and Botanist. 
J. W. Van Leenhoff, Coffee Expert. 
Paul A. English, Aszistant Agriculturirt. 
C. R. Newton, Clerk and Stenographer. 



• •• • „. • • 

•: • / i * • • • 



rt 



t~i 



LETTER OF TRANSMITTAL. 



Mayagúez, Porto Rico, September 10, 1902. 

Sir: I háve the honor to transmit herewith a bulletin in which is 

given an account of the establishment of the agrícultural experiment 

station in Porto Rico under the auspices of the Office of Experiment 

Stations, United States Department of Agriculture. The present loca- 

tion and equipment of the station are described, the contemplated 

work outlined to some degree, and the purpose of the station defined. 

I respectf ully request its publication as Bulletin No. 1, of the Porto 

Rico Agrícultural Experiment Station. 

Věry respectfullý, 

Frank D. Gardner, 

Speciál Agent in Charge. 
Dr. A. C. True, 

Director Office of Experiment Stations, 

TJ. S. Department of Agriculture, Washington, D. C. 

Recommended for publication. 

A. C. True, Director. 
Publication authorized. 

James Wilson, Secretary of Agriculture. 
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THE AGRICULTURAL EXPERIMENT STATION OF PORTO RICO; 
ITS ESTABLISHMENT, LOCATION, AND PURPOSE. 



INTRODUCTION. 

The first appropriation made by the United States Congress for 
agricultural investigation in the island of Porto Rico was for the fiscal 
year ended June 30, 1901. The amount of this appropriation was 
five thousand ($5,000) dollars, and authorized the Secretary of Agri- 
culture to mpke preliminary investigations as to the agricultural con- 
ditions of the island, with especial reference to the establishment and 
maintenance of an agricultural experiment station. The investigations 
called for under this appropriation were made through the Office of 
Experiment Stations, by Prof. S. A. Knapp, formerly of Iowa Agri- 
cultural College, and more recently engaged in agricultural investi- 
gations in the State of Louisiana. Professor Knapp visited the island 
during the summer of 1900, and presented his report in September of 
the samé year. This report was transmitted to Congress, and published 
as House Document No. 171 (Fifty-sixth Congress, second session). 
It gives a summarized statement of the results of Professor Knapp\s 
investigations, in which he points out the needs for the establishment 
of the experiment station, the more important subjects on which the 
people required immediate information, and how, in his opinion, it 
could best be supplied. 

As a result of this report, Congress made a second appropriation of 
$12,000 for the fiscal year ended June 30, 1902, which authorized tho 
Secretary of Agriculture to establish and maintain an experiment sta- 
tion in this island, and to erect necessary buildings and provide for 
printing of bulletins, circulars, etc. Although the appropriation did 
not become available until July 1, 1901, the writer, then an assistant 
in the Division of Soils in the Department of Agriculture at Washing- 
ton, was transferred to the Office of Experiment Stations during the 
month of April, and appointed to také charge of the investigations in 
Porto Rico. He arrived in San Juan about the middle of May, and 
spent the remainder of the fiscal year in traveling about the island, 
familiarizing himself with the agricultural conditions and needs of 
the people with especial reference to the location and establishment 



8 

• •••••!••• • . < • 

of tne "experiment station. A brief report of these preliminary inves- 
tigations may be found in the report of the Director of the Office of 
Experiment Stations for the year 1901, pages 211 to 214, inclusive. 
As soon as the appropriation becamc available, July 1, 1901, he en- 
deavored to secu re, through the people of the island, suitable land on 
which to establish the station. It was found, however, that the land 
suitable in extent, character, and location for the purpose could not 
be procured without a considerable outlay of money. 

The legislature having adjoúrned at the close of the February pre- 
ceding, no assistance could be secured f rom that source until it again 
convened, which was in January, 1902. Efforts were, therefore, made 
to secure the necessary assistance from some of the larger municipali- 
ties, but it was found that none of them possessed lands suitable for 
this purpose, nor were their fínancial conditions such as to ju*tify 
their attempting to purchase land for the purpose. It was, therefore, 
decided to lease a small tract of land and a building suitable for office 
purposes as a means of carrying out on a temporary basis the experi- 
mental work. This resulted in the leasing of land and a building at 
Rio Piedras. 

Active operations were commenced in clearing and breaking land 
early in November, and about one hundred varieties of crops, mostly 
annuals, were planted. Some wereplanted at monthly intervals, with 
the hope of ascertaining the best season in which to plant, others with 
reference to treatment with different fertilizers in order to ascertain 
the needs of tbe soils and the kind and amounts of diflferent fertilizers 
best suited to meet these needs; others being entirely new to the 
country were planted to see how they would succeed. 

The climatic conditions were abnormal during the first five months. 
Insect enemies as well as f ungus and bacterial diseases were very bad, 
injuring nearly all classes of the crops. As a result of these unfa- 
vorable conditions, and the impoverished condition of the soil, many 
of the experiments had a negative value. The results of others will 
be published by the station in its forthcoming bulletins. Briefly, 
the important factors brought out were the impoverished condition of 
the soil and the need of fertilizer with which to meet it. and the 
need of devising means of combating both insects and plant diseases. 
Work was immediately begun along the latter line, speciál attention 
being given to the changa, and enough information concerning this 
insect has been collected to justify the publication of a report which 
is issued as Bulletin No. 2 of this station. 

The experiments at Rio Piedras were of a temporary nature, for 
the reason that a permanent location was expected to be secured 
at an early dáte. The needs for such a location were presented 
to the insular legislature in February, and a bili, making imme- 
diately available $15,000 for the purchase of a suitable tract of 
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land for the use of the agricultural experiment station passed 
both houses with very little opposition. Bids were called for in 
March, which were to be opened May 12. On the latter dáte, Dr. 
Walter H. Evans, of the Office of Experiment Stations, who had been 
authorized by the Secretary of Agriculture to proceed to Porto Rico 
and act with the representative in charge of the station, conferred 
with the governor and the secretary of the interior of the island, 
with reference to selecting a site as offered by the bids. 

Twenty-three proposals were received in proper form, and the tracts 
that were obviously best were visited and examined with reference to 
their suitability for the purpose, the result being the seiection of a 
site adjacent to the city of Mayaerůez. This proposal had been sub- 
mitted by the city itself , which had secured an option on a tract of land 
for $19,000, the excess over the appropriation to be paid by the city. 
Possession of the land was given the last week in June, and the experi- 
ment station removed f rom Rio Piedras to its new site the first week 
in September. 

DESCRIPTION OF FARM. 

The farm, formerly known as "La Carmen," is located near the 
city of Mayagůez. A portion of the river-bottom land borders the 
river Yagůez and the main road to Anasco. The map, Plate I, shows 
its form and location with reference to city and the seashore. The 
land is diversified in character of soil, topography, and exposure. 
There are about 35 acres of river-bottom land (PÍ. II, fig. 1) nearest 
the city, which contains a loam, to the depth of 3 feet or more. This, 
at present, is all in "malojilla" grass. The land to the north of this 
consists of low, rounded hills and intervening valleys and coves 
(PÍ. II, fig. 2), many of which are well sheltered and well watered. 
In various of the sheltered places coffee is planted, there being, in the 
aggregate, about 7 acres planted to that crop; the remainder of the 
land is largely in an unproductive condition, being overgrown with 
weeds, bushes, and small trecs intermingled with a small amount of 
various kinds of grasses, which would furnish some pastu re (PÍ. III, 
lig. 1). Although in an unproductive condition, the pláce presents 
very good possibilities, and is well suited to the purpose of the expe- 
riment station. 

The main residence, an eleven-room frame house, has been put in 
repair and painted both inside and out, and is occupied as living quar- 
ters (PÍ. IV, fig. 1). An old masonry sugar building, a large part of 
which was unroofed and the walls of which were more or less broken 
and damaged, has been repaired, roofed, and painted, both inside and 
out, and will serve the present needs of the station for office, labora- 
tory, and working quarters (PÍ. IV, fig. 2). There is a brick factory, 
containing three kilns and several drying sheds; also numerous small 
huts for the use of the laborers on the farm. 
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To fully equip the stations with suitable buildings and put the farms 
in the best condition for effective work, funds in addition to those 
granted by the National Government will be required, and it is there- 
fore hoped that the insular government will continue its liberal policy 
toward the station. In the United States, with a few exceptions, the 
experiment stations are located at the agricultural colleges or the State 
universities, and therefore are granted the use of lands and buildings 
which belong to these institutions. Even in the exceptional*cases the 
lands and buildings are provided for by the State funds. Such an 
arrangement makes all of the Federal appropriation available for experi- 
mental purposes. Many of the States are going still further and 
making appropriations for investigations, some of which exceed those 
made by the Federal Government. 

The present appropriation for the Porto Rico Station for the year 
ending June 30, 1903, is twelve thousand ($12,000) dollars, and it is 
hoped that Congress will soon inerease this. 

EQUIPMENT. 

A fair equipment has already been assembled for the use of the 
station in the way of work animals, wagons*plows, harrows, and other 
machinery; also a good supply of small implements such as shovels, 
forks, hoes, rakes, seythes, machetes, etc. A small amount of appa- 
ratus for spraying purposes and for the pruning of trees has been 
secured; also various chemicals and insecticides. 

The office is provided with a fair amount of f urniture in the way 
of desks, chairs, and bookcases, together with the smaller furniture 
which goes with them. A library has been commenced, and about 
two hundred bound volumes are now on its shelves, with a consid- 
erably larger number of un)>ound publications. An exchange list has 
been organized with a number of leading agricultural periodicals, not 
only in the United States, but in foreign countries as well, and 
upwards of twenty different periodicals are now on the files of the 
station. A collection of economic plants and insects has been com- 
menced under the direction of the entomologist and botanist. 

With sufficient means at our command, it is only a matter of time 
when this equipment can be made a most valuable one to the people 
of Porto Rico. 

The clearing of a portion of the land for the planting of crops has 
been commenced and plants and seeds of different kinds are being 
secured, not onlv from different sources at home, but also from for- 
eign countries and neighboring islands. 

INVESTIGATIONS UNDERTAKEN. 

In addition to the above-mentioned experiments with vegetables 
and annual crops at Rio Piedras, work was commenced in September, 
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1901, with coffee. A good supply of seed coffee was seeured in the 
"barno" of Mameyes, districtof Utuado, and by selection of the best 
berries from the sturdiest and best-developed trees from various 
plantations. These were pulped and speeially prepared for seed. 
In December seed beds were prepared in which to plant the seed, by 
thoroughly plowing and pulverizing the soil, then elevating it into 
beds 3 b3 T 15 feet in area, and covering each similar to those in use at 
"La Carmelita" with a grass shed (PÍ. IV, lig. 2.) Each bed was 
surrounded by a board f ráme in order to keep the sides from caving, 
and provided with shelters for the purpose of keeping off the direct 
sunlight and preventing the washing of the soil by heavy rains. 
During the month of January the seeds were planted in the beds, 2 
inches apart each way, there being approximately 1,600 seeds in each 
bed, the total nunaber of beds being twenty. In from six to seven 
weeks tho seeds geruiinated, and resulted, a few weeks later, in a 
good stand of healthy plants. Eighty additional beds similar in every 
respect to those planted, also provided with straw roofs, were then 
constructed for nursery beds. When the small plants had fully 
developed their second pair of leaves they were transferred from the 
seed beds to the nursery beds, in order to give them more room to 
develop. During this transferring process another selection was 
made by rejecting all inferior plants, or those havingpoorly developed 
root systém. In the nursery beds the plants were set 6 by 6 inches 
apart, there being one hundred beds. Fertilizers of differont kinds 
and in different amounts were applied to these in order to accelerate 
growth as well as to ascertain the kind of fertilizer best suited to this 
purpose. 

Arrangemente háve been made to carry on experiments with refer- 
ence to the improvement of an old coffee grove on the estate known as 
"La Carmelita," situated about eight miles north of Ponce, operated 
by the " La Carmelita" Company. Ten acres háve been divided into 
as many plate, from which the present crop will be harvested and the 
yield of each plat ascertained. Af ter the crop has been gathered each 
plat will be treated in a different way, some being thinned and pruned, 
others having the plants cut off a few inches above the ground in order 
to obtain a new growth; some will be given cultivation, while others 
will háve the shade reduced, etc. 

The use of 25 acres of virgin f orest land has also been arranged for, 
and a part of the land will be cleared and planted with the new plante 
from the nursery. Different varieties of coffee are also being secured 
from different coffee-producing countries, in order to find out what 
varieties may be best suited to the conditions of Porto Rico, as well 
as to give an opportunity for crossbreeding, budding, etc., which 
will be important factors in coffee improvement. 
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SOIL SURVEY. 



During the months of January, February, and March, 1902, a soil 
survey was conducted in cooperation with the Bureau of Soils of the 
Department of Agriculture at Washington. The experta for this work 
were f urnished by the Department, and a part of the field expense was 
borne by the experiment station. The surv r ey includes anarea of approx- 
imately 360 square miles, or a strip 10 miles wide extending f roní the 
north shore at Arecibo to the southern shore at Ponce. It includes a 
mapping of the roads, trails, and streams as a basis on which to map 
the soils, for no accurate surveys of the area had previously been 
made; a classification of the soils and mapping of each type; a study 
of the agricultural practices and possibilities, together with the best 
adaptation of each type to crops. Typical samples of soil and subsoil 
were taken from each type for physical and chemical study in the 
laboratory. The maps are to be published on a scale of one inch to 
the mile. The work has been completed, and the maps and man user i pt 
resulting theref rom are now ready for the printer. The work will be 
published by the Department at Washington, and it is desired to háve 
a translation of the manuseript prepared by the experiment station, 
to be issued at the samé time for distribution here in conjunction with 
an additional suppl} r of maps which may be secured through the 
Department. 

CONTEMPLATED EXPERIMENTS. 

In addition to the above-mentioned experiments, most of which will 
be continued, it is the purpose of the station to give prominence to 
the production of various classes of tropí cal fruits. Arrangemente 
háve already been made for securing different varieties of these from 
various sources. Nurseries of citrus fruits, mangoes, aguacates, and 
many other kinds will be started as soon as possible. It is the inten- 
tion to attempt the improvement of the varieties of fruits now being 
grown here, through cultivation, crossbreeding, grafting, and what- 
ever methods give promise of good results. 

Thus far no live stock for experimental purposes háve been secured, 
but when suffieient means are available, experiments will be com- 
menced with cattle, horses, swine, sheep, and poultry, and work will 
also be undertaken in reference to the production of dairy produets. 
Experiments will also be inaugurated in reference to the production 
of tobacco, which is one of the staple crops of the island. 

COOPERATION. 

The station desires to cooperate with a limited number of represen- 
tative agriculturists in different parte of the island. Cooperative 
experiments create an interest in the immediate neighborhood where 
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they are conducted, and furnish au object lesson for the people of the 
locality. Many field and garden seeds háve been sent to the planters 
of the island, the supply having been secured through the Department 
of Agriculture at Washington. An important point in this connection 
is that most seeds, when kept in this climate for a f ew months, lose 
their vitality and become worthless. It is well, therefore, in securing 
seeds to get them f resh and plant very soon thereaf ter. 

When the coflfee trees from the above-mentioned nursery beds are 
ready for planting in the fields, it is the desire of the station to send, 
without cost, to a number of representative coffee planters in different 
parte of the island, enough trees for the planting of small blocks, to 
be set and cared for according to directions which will be f urnished 
by the experiment station. 

OBJECT OF STATION. 

The object of the station is to make a systematie study of all prob- 
leins related to agriculture with a view to acquiring information which 
will be of practical use to the agriculturists of the island. 

While scientiíic investigation will always form a part of the station 
work, yet much attention will be given to the practical side of the 
work. Experimente in the fields to ascertain the feasibility of untried 
methods and to test and demonstrate the advisability of introducing 
new crops or new practices will form important lineš of work. It 
will be the policy of the station to confine most of its energy to a few 
well-directed lineš of investigation which seem of most importance to 
the agriculturists of the island. When, through trial, new and valua- 
ble crops are secured, itwillbe the object of the station to distribute 
them or to put the planters in the way of securing them. 

As a rule, agricultural investigations are too costly for the indi- 
vidual to undertake. They also require training and of tentimes speciál 
and expensive apparatus which the farmer usually does not possess. 
In recent years, therefore, experiment stations háve been established 
in nearly all countries and men are employed who are fitted by speciál 
training to carry on the various Unes of work for which there is a 
demand. Practical conclusions having been drawn from investiga- 
tions, it is essential that they should be presented to the people in 
such form as to be clearly and easily comprehended, and this the sta- 
tion will attempt to do by means of bulletins, reporte, correspondence, 
and personál advice. 

The members of the staff recognize that their reputation depends 
upon how usef ul they make the work of the station to the people of 
Porto Rico, and it shall be their constant endeavor to work for the 
uplifting of the agriculture of the island with all the ability and means 
at their disposal. In order to be successf ul, however, it will require 
more than the most earnest endeavors of the station officials; it will 
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need in addition the interest, cooperation, and hearty support of the 
agricultural people of the island. The results of the work of the 
station, as far as it pennits the drawing of practical conclusions, will 
be published f rom time to time, as bulletins or circulars for free dis- 
tribution to the people. We hope the demand for them will be great; 
that they will be extensivély read, and that the suggestions contained 
in them will be put into practice by the people. The measure of the 
derived benefits will depend largely upon this practical application of 
results. 

A mailing list for the distribution of station publications has been 
begun, and everyone interested in the work of the station is invited to 
send in his name, requesting that it be placed upon the list for the 
publications as issued. 

Correspondence on subjects relating to the work of the station oř 
the conditions and requirements of any phase of the island agriculture 
is invited and visitors will always be gladly welcomed. Conferences 
with farmers will also be encouraged. 
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Mayaguez, Porto Rico, Septemher 13, 1902. 

Dear Sir: I havc the honor to transmit herewith a manuscript, 
entitled u The Changa, oř Mole Cricket, in Porto Rico," prepared by 
Mr. O. W. Barrett, entomologist and botanist of the Porto Rico sta- 
tion. The attacks of this insect extend to nearly all classes of crops 
and the loss f rom its ravages amounts to many thousands of dollars 
annually. In economic importance to the planters here it far exceeds 
that of any other insect, and the question most f requently asked by 
visitors to the experiment station has been, u How can we get rid of 
the changa?" Since beginning experimental work last October, suf- 
ficient time has not yet elapsed to háve completed the study of its life 
history, neither háve the remedial measures thus far tried been so 
satisfactory as to justify discontinuing further investigations with 
reference to the extermination of this most important insect. Much 
valuable economic materiál, however, has been acquired, and in view 
of the pressing demand for this kind of information by the Porto Rican 
planters I respectfully recommend the publication of the article, in 
both English and Spanish, as Bulletin No. 2 of the Porto Rico Agri- 
cultural Experiment Station. The manuscript has been submitted to 
and approved by Dr. L. O. Howard, Entomologist of the U. S. Depart- 
ment of Agriculture. Under his direction it was read by one of his 
assistants, Mr. F. H. Chittenden, to whom acknowledgment is made 
for a number of corrections and suggestions and for the supervision 
of the drawings of the insect ušed in preparing the illustration. 
Věry respectfully, 

Frank D. Gardner, 
Speciál Agent in Charge of Porto Rico Exj)erimťnt Station. 

Dr. A. C. True, 

Director^ Office of Experiment Stations, 

U. S. Department of Agriculture^ Washington, D. C. 

Recommended for publication. 
A. C. True, DirecU/r. 

Publication authorized. 
James Wilson, 

Secretary of Agriculture. 
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THE CHANGA, OR MOLE CEICKET {Seapteriícw didadyhm 
Latr.) IN POBTO RICO. 



Since the huiricanc of 187tí the niolc crieket {SeaptťťUfcus didac- 
tylw), oř "changa," as it is populaťly called, has continued to he by 
far the most serious inscct pěst tbat the Porto Kican agriculturist has 
had to deal with. Its damages to tobacco, cane, and small crops in the 
island amount to probably more than one hundred thousanď dollars 
annually. Ifcs habíts are well understood by the planters, but there 
seems as yet to be no definito method of combatmg it successfully, 
and ani authority sta tes tli at "nothing appears to be known of ite 
economic status." 

Though the species of mole criiket coinmon in Porto Kico has lícen 
known for many years, it seems that Brimner and Redtenbacher were 
the firtst to report it [18!)á] as inhabiting this island; and although it 
is known to oceur from Uru- 
guay to Florida on the conti- 
nent, and also in Čuba, Jamaica, 
Haiti, and St. Vincent in the 
West Indies, it appears to 1)0 
more injurious to agriculture 
in Porto Rico than olsewhure. 

DBSCRIPTION. 

The changa (lig. 1) is an inseet 
found throughout the island, 
living in galleries in the ground. 
It is about li inches long in its 
adult stage; its color is a light 

brOWnísh faWIl more Ol' less Flit.l.— ChBnj™ (SwijjťrrílVMtiíWnrfílfMíLBtr.): AtlnK 

mottled with darker areas abové 1™^"", ííowvfcC ^Kuio™!^-™ ''"'* 
and a uniform light brown 

beneath. Its shape is approximatelv cylindrical and proportionately 
longer than that of the truc cricket. The hcad hasapairof nioderately 
long antenna?, of about eighty joints, which are cxeeedingly sensitive; 
apairof well-developed eyes, and bctween and slíghtly above these are 
twocomparativelylarge ocelli, or seeondary eyes; and two paira of jaws, 
one pair being very strong and possessíng six teeth and a blade each. 
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The expression of the faee has a fancied resemblance to that of a 
monkey, whence the name, "chango," being the popular nanie in 
Spanish for a pet monkey. 

The top of the prothorax, which is that part of the body immediately 
behind the head, is somewhat shield-shaped and strongly convex, with 
no medián ridge or groove, and is ušed in pressing back the loose earth 
at the top and sides of the burrow. When in the act of burrowing 
the head and prothorax are slightly rotated, thus bringing the sides of 
the latter like a smoothing trowel in contact with the earth wall and 
keeping it "trimmed." 

The abdomen is flattened beneath and strongly arched above; it is 
terminated by a pair of slender, flexible stylets, the office of which is 
unknown; the so-called genital plates are verv similar in both sexes, 
and there is no ovipositor in the female. 

The first pair of legs are good examples of specialized structure; all 
the parts are greatly modified and peculiarly adapted to the excavation 
of burrows or tunnels in the earth. The first joint is proportionately 
short and has a bony process which supporte the second and third 
joints when inflexed. The second joint is large and produced beyond 
the third joint into a spade-like tooth which braces the teeth of the 
fourth joint f rom thé inside when the leg is bent at the beginning of a 
stroke. The third joint is so short and broad as to be almost trian- 
gular and is unarmed, but has a strong ridge at its outer and lower side 
which holds the fourth joint from twisting when doubled back. The 
tibia, or fourth joint, is extremely irregular in shape, strongly attached 
to the third joint, and possesses a pair of large bone-like projections 
which are slightly concave on the outside. The auditory organ is 
situated on the front of the upper part of the tibia and is protected by 
a raised fold of the surface; it may be noticed as a white membráně 
stretched drumhead-like over a cavity near the third joint. Thus it 
can truly be said that the changa "hears through its clbows," though 
that does not prevent its hearing well. The tarsus, or foot, is attached 
not at the end of the fourth joint but about midway on its outer sur- 
face; it has three flexible joints and a pair of separatelj r movable sharp 
claws at the tip of the last one; the first and second joints, or knuckles, 
are produced at nearly right angles on the lower side into large, black 
teeth, more pointed than those of the tibia and supported by the latter 
except when fully extended. 

When closely bent the whole leg has a somewhat elliptical outline 
and is a model of strength, compactness, and adaptability to purpose. 
Indeed, with the 4 picks and 10 shovels of its first pair of legs, it is no 
wonder that the changa can burrow its own length in ordinary soil in 
the space of half a minuté. 

The second and third pairs of legs are of medium size; they present 
several short but strong spi nes, and their feet háve three joints each, 



with a pair of olaws which are independently movable. Although not 
structurally fitted for jumping, the three pairs of legs acting in unison 
suffice to enable the changa to raake clumsy leaps of several times its 
own length. 

The wings are fairly large and much exceed the wing covers, extend- 
ing to the tip of the abdomen; they are nearly twice as long as broad 
and are very delicate and folded into minuté plaits. 

The tegmina, or wing covers, are short, rounded, thin, and more 
flexible than is usual among the insects of this order; the tegmina of 
the males háve a fairly well-developed stridulating organ, which can 
be seen upon close examination to be cornposed of several strong veins 
about the center of the wing cover which are provided with tooth-like 
ridges, and it is by rubbing these veins together that the male pro- 
duces his short and low, but distinctive, chirrup. 

The entire' surface of the body is covered with a short, sparse, 
yellowish down, though in adult specimens the head, legs, and wing 
covers are nearly naked. These minuté hairs serve to prevent the 
surface of the body f rom becoming wetted bj r contact with the very 
wet soil through which the changa some times has to burrow; it also, 
by holding the air, enables the changa to float readily upon the surface 
of water, and this fact enables it, when washed out of the surface soil 
into a stream or pool, to escape drowning. The integument of most 
parte of the body is soft and so nearly transparent that the tracheee, 
or breathing tubes, may be seen ramifying directly beneath it. These 
trachese, or tube-like lungs, radiate f rom the large abdominal spira- 
cles through which the changa breathes. These breathing pores, 12 
in number, are situated in two longitudinal rows— one on either side 
of the abdomen. 

LIFE HISTORY. 

The eggs of the changa are deposited in a heap on the floor in the 
enlarged end of a side gallery, and f rom a few inches to a foot or more 
beneath the surface of the ground. The}' are of a dirty yellowish 
color, elliptical in outline, smooth, and about 3 mm. in length by 
1 mm. in diameter. They are laid in January, February, and March, 
and hatch in about two weeks. It is possible that the egg-laying 
season varies much, according to climatic conditions and the individual 
female, for eggs in some stage of formation are usually to be found 
in female specimens at whatever time of the year the examination is 
made. Each female deposits f rom 50 to 100 eggs, and it is believed 
she dies soon after ovipositing, but this has not been proved in our 
breeding-cage experiments, because the adult specimens generally die 
within two weeks after entering the cages. 

The young changa is at first nearly white, but soon changes to a 
dark-fawn color above and its exterior is everywhere clothed with 
short hairs of the samé color. The larva, as the young is termed, 
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shows greater aotivity and saltatory powers; it can readily jump 
twenty-five timcs ite own length. The growth of the young changa 
is oomparativcly slow and maturity is probably nevěr reached within 
one year, and perhaps a } T ear and a half is not a long life for a changa 
in this region. The Northern mole cricket (Gryllotalpa bonalis) is 
believed to live for three vcars. It is not known how many times the 
•skin is cast, but probably there are at least three, and perhaps five, 
moults before reaching maturity. 

GENERAL HABITS. 

The young changa very seldom leaves the ground unless driven out 
by water, but the adults are frequently to be seen hurrying over the 
surface even in the daytime. Their gait is more clumsy and irregular 
than is the čase with most crickets. AVhen greatly excited they sup- 
plement their ordinary gait with short jumps. 

The adult males frequently fly at night and are attractcd to light. 
Though their flight is laborious, like that of a large beetle, and not 
long sustained, they soinetimes rise to a light 20 feet or more above 
the ground. They seem to prefer dark, cloudy nights in which to 
make their aerial excursions. There are doubtless other conditions 
which are important regarding the flight of the changa, because of two 
apparently very similar evenings the changa may emerge in great 
numbers in one, whereas during the other scarcely a single one maj r 
be seen. From 7 oYlock until 10 o'clock are the hours preferred for 
their flights. Thus it does not, as has been stated, fly only at twilight. 

The changa is sensitive to humidity. Unless the surface of the soil 
is moist they remain at a depth of several inches, and if the soil is 
saturated they come to the surface and escape or remain hidden in 
grass clumps. Whenever the soil is moist and not too hot, be it night 
or day, its work of destruction is carried on, though, of course, much 
the greater amount of damage is doně at night. Its hábit of burrow- 
ing just beneath the surface in a great measure saves it from the attacks 
of lizards, but not entirely from fowls and blackbirds, that are quick 
to notice the slightest movement of the earth on top of the burrow 
and to recognize the cause thereof. These burrows may be traced 
often for several feet, or even yards, the loosened and raised convex 
surface plainly indicating the course taken, and at the end of the 
visible portion of the burrow there may be noted an opening, either 
the entrance or exit, or else the descent of the burrow. These bur- 
rows, ramifying through the soil in the vicinity of food plants, are 
kept open and utilized for a considerable length of time by all the 
mole crickets f requenting that soil area. Thus it will be seen a changa 
can readily pass from the roots of one food plant to those several feet, 
or perhaps even yards, distant without emerging from the ground oř 
making any new gallery. This fact partially accounts for the great 
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number of small seedling plants which may be destroyed by one oř two 
crickets in a plat of ground in the space of one night. Keeping the 
earth pressed firmly about the roots of a plant closes the burrows and 
greatly hinders the changa^ operations. 

When removed f rom the ground, oř sometimes when surprised on 
the surfaee, the adult changa has the hábit of feigning death. Thi& 
" 'possum" act may be prolonged several minutes. After a few min- 
utes of intense activity directly after coining to a light, the changa 
usually strikes an attitude of meditation, as it were, and remains 
absolutely motionless for a considerable length of tinie. 

The fenmle of the northern mole crieket (Grylfotalpa boreaUs) is 
said to care for her young until they reach the second inoult; but 
though we háve often found very young changas they were always 
apparently unattended. 

FOOD HABITS. 

The changa's food consists almost wholly of living plants; the 
stomach, however, is always found to contain more or less mud and 
sand, which is probably unavoidably eaten along with the roots. Por- 
tions of decaying plants and the leaves and stems of living plants are 
sometimes eaten. When food is scarce the leaves and roots of plants, 
especially those of the "yerba dulee," are drawn into the galleries, 
sometimes to a distance of a foot or more, there to be consumed at 
leisure during the daj r time. In captivity, even with plenty of its 
normál food, the changa will eat the dead and d\ T ing individuals of its 
own kind; and we suspect that it varies its normál diet with an occa- 
sional earthworm, should their respective galleries happen to cross; 
indeed, we háve kept specimens in cages on an unmixed diet of earth- 
worms for a week and more. 

The usual point of attack on a plant is the crown or junction of stem 
and roots, but the whole root sy stem and a good part of the stem is 
frequently devoured. In eating the stem the changa often remains 
just beneath the surfaee and pulls dow T n the plant as fast as it is con- 
sumed; thus a plant 4 inches in height in the evening may appear only 
1 or 2 inches high the next morning. 

Plants having a poisonous or aerid sap are free f rom attacks. The 
economic plants most injured by the changa are cane, tobacco, and 
rice. Among the small crops the tomato, eggplant, turnip, and cab- 
bage are most affected. Very little is known as to the extent of the 
damage upon the coffee crop, but a considemble percentage of the 
young seedlings in the nursery beds belonging to the experiment sta- 
tion háve been deprived of their taproots. Young seedlings of citrus 
fruits are frequently attacked, but much of the loss usually attributed 
to the changa is due to the grubs of the orange-leaf weevil (luroj>k- 
tlwlmus spengleri), or to those of the smaller May beetle (Lac/utosterna 
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sp.), or to a peculiar bacterial or fungus disease known locally as "san- 
cocho," which causes thě bark of the roots and stem near the soil sur- 
face to decav. 

Of ornamental planta the coleus seems to be a favorite food. The 
castor-oil plant, watermelon, beán, sweet potato, cassava, and " yau- 
tia " are seldom or nevěr attacked. 

It seems that in its hábit of gnawing away a ring of bark f rom roots 
and underground parts of stems of some plants and of eating directly 
into the heart of others the changa shows a sort of mania for killing 
quite beyond its hunger-satisfying instinet. 

INTRODUCTION INTO PORTO RICO. 

It is the current belief among the better-inf ormed agrieulturists here 
that the changa first reached Porto Rico in a shipload of guano brought 
from South America about the year 1850, but sinoe the samé species is 
found throughout tropical America from Uruguay to Florida it seems 
more probable that the changa was here before the guano arrived. 
However, it was not universally considered a serious pěst until after 
the hurricane of '76, which practieally destroyed its.worst enemy, the 
blackbird. Fo»- the next few years the changa was so abundant in 
some localities that they often came to the lights in the houses in such 
numbers as to literally cover the floors with a loathsome wriggling mass 
of their bodies. Since about 1885 their numbers were slightly dimin- 
ishing until the hurricane of August 8, 1899. It is said by some that 
thev first appeared in the west end of the island and háve gradually 
migrated eastward. 

The vicinity of Mayaguez was the first district of the island to suffer 
from this plague, and it happens that the estate recently purchased by 
the insular government for the permanent use of the experiment sta- 
tion at Mavaguez, which was formerlv known as fc *La Carnien," was 
the first estate to abandon the cultivation of cane on account cf the 
ravages of the changa and the cane disease which was believed to 
always follow the changa's attacks. 

INFLUENCE OF SOIL CONDITIONS. 

The mountain districts of the interior are usuallv more free from 
the changa than the coast region. This is very largely due to the fact 
that the mountain soils are clayey, while those of the coast plains and 
the broad vallej T s are of an alluvial sand}- loam. It is obvious that the 
changa can not work in clay, on account of its tenacious and noncom- 
pressible nature; while in the loose granular strueture of a loamy soil 
the changa readily presses aside the particles of earth and forms a gal- 
lery without excavating or bringing to the surf ace an} T of the displaced 
materiál. 
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As previously stated, saturation oř overdryness of the soil are con- 
ditions avoided by the changa. Prolonged rains in lowlands are 
probably destructive to man} T of the young, which háve to come to 
the surface to escape drowning; and during a prolonged drought they 
deseend to a considerable depth, and it is possible that in an open 
íield some of the young die from their inability to find food or to 
raigrate, as do the adults, by an overland trip. 

We find that the changa evinces an aversion to making a surface 
burrow up the-side of a plant hill or ridge of earth. For this reason 
single plants should be "hilled up" when practicable. 

In sandy cane lands two and sometimes three plantings of the cane 
are nceessary on account of the greater numbers, as well as greater 
destructiveness, of the inseet in these soils; whereas in a cane soil 
that carries a high percentage of cla} 7 , as in those in the vicinity of 
Rio Piedras, onlj T about 1 per cent of cane cuttings is destroyed by 
the changa. These rules hold good also for tobacco, rice, and other 
crops; the more clayey the soil the less damage can be doně by the 
changa to crops grown therein. There is a difference of opinion 
among cane planters here as to the method of setting the cane cutting 
in the soil. Some aver that the cutting has a better chance of life 
when planted horizontally, because of the number of roots produced 
at all the nodes, while othcrs claim that a changa will remain near a 
cutting until all the tender roots are devoured anyway, and therefore 
the upright position is better, which gives the continually forming 
roots a chance to grow and harden beyond the changa-food stage 
between the brief visits of the changa. But we believe the best pian 
to avoid the attacks is to lay the cane cutting, with its leaves still 
attached, upon the soil in a slight depression. Thus as the young 
roots start they are toughened by the influence of the air and the 
light, and when they are covered with the hoe, lightly at first and 
more deeply later, they are too hard for the changa's jaws. 

Though our personál observations háve not yet extended over an 
entire year, there is little doubt that the changa's period of greatest 
activity, as evinced by their coming to light and b}' their depreda- 
tions in fields, is at the end of the raíny season; that is, in October, 
November, and December. 

REMEDIES. 

Generally speaking, preventivě measures seem more advisable for 
smál l crops or limited areas than destructive remedies, with one 
exception, viz, the use of trap lights. 

We may group the prophylactic remedies into two elasses — the 
physical, or those which prevent the attacks of the changa b} T obstruc- 
tions, and chemical, or those which prevent the attacks by the use of 
chemical substances having a rcpellent odor. 
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The most conimon nieans of preventing thc destruetion of small 
planta is by wrapping theni in the leaves of the mamey (Mammea 
americana). This method is veryeommon ainong the tobaceo growers 
of the island. At the tinie of transplanting, the young plant with a small 
quantity of earth is wrappcd in one or two mamey leaves laid lengthwise 
around the balí of earth; when placed in the soil the leaf fornis an 
impassable barrier, although there is sorae danger that the changa may 
hop over the top ring of leaves or enter at the bottom and thus gain 
access to the plant itself. We find, however, f rom our experiments at 
the station that the wrapping of the young plant in this manner retards 
the growth of its root s} T stem and probably in a measure suffocates the 
roots by preventing the f ree circulation of air and water in the soil 
about them. The thickness and gummy sap of the leaf prevent its 
decay in the soil for from two to six weeks. If carefully placed, how- 
ever, the leaf or leaves may be drawn from the soil af ter the plant has 
attained sufficient size and vitality to enable it to rcsist the chansra^s 
attacks. Sections of banana leaves are also ušed like those of the 
mamey. 

An improvement upon the mamey-leaf wrapper is the wire gauze 
"slecve." This svstem has been successfullv ušed bv the Porto Rico 
Fruit Company, at Bayamon, in saving a plat of tomatoes in a badly 
infested district. Galvanized-iron wire cloth having meshes too small 
to admit the passage of a half-grown changa is cut into pieces about 6 
by 10 inches. These pieces are rolled into cylinders, into which the 
young plants are set at the tiine of transplanting. These cylinders háve 
the advantage of lasting for sevcral seasons, of allowing the roots to 
extend outside the cylinder, and of allowing a thorough ventilation of 
the soil. These sleeves may be made of various dimensions to suit the 
kind and size of plant to l>e protected. It is al ways necessary to see that 
the vertical edges overlap a little, so that an entrancecan notbe forced 
between them; and it is well to allow the top rim of the cylinder to 
protrude 1 or 2 inches above the surface of the soil. Their diameter 
should nevěr be less than 3 inches, except for verv small plants; the 
length may be 6 to 12 or more inches. 

Cheese cloth has been triod *as a barrier, with not much success, 
because it rots verv quickly, and as soon as itbegins to rot the changa 
readily forces a way through it. Cheese-cloth co verš for raised 
wooden bcds and seed boxes háve been successfullv ušed bv the Amer- 
ican Fruit Company, at Rio Piedras. The cheese cloth was stretched 
on square frames of the samé width as the boxes, and these frames 
were removed during the daytime. Thev effectually prevented the 
entrance of the changa during its nocturnal migrations. 

A mulch of tobaceo stems just below the surface of the soil proves 
quite ineffectual; the galleries are made even more readily through it. 
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Tobacco dust separately oř mixed with other fertilizers is likewise 
nonpreventive. 

The use of the pomace f rom the castor-oil presses has also been tried, 
but with little success. All parts of the castor-oil plant are known to be 
poisonous when eaten, and it was thought thatits presence about seed- 
ling plants would keep away the changa; but unless a great quantity of 
the seed-cake ref use is ušed, the changa readily passes through it. 

Barriers made by pouring coal tar into a depressed narrow ring in 
the soil about a plant and then lightly covering it with earth háve 
been tried without success. A desperate changa will even tunnel 
directly through the tar itself , apparently oblivious to its strong odor. 

Clean cultivation may be called a physical remedy. The removal 
of weeds and grass f rom a cultivated crop necessarity removes a por- 
tion of the changa's food plants, and although at first thorough culti- 
vation seems to indirectly ineite the changa to even more ferocious 
depredations, we háve found that the adults emigrate from a clean 
cultivated field; it is obvious, of course, that the wingless specimens 
must remain, or else make an overland trip, which is stronglj* con- 
trviTy to their instinct. Manj r of our first experimental plats were 
completely devastated during the first three or four months of our 
occupation of the grounds at Rio Piedras, but by keeping down the 
"yerba dulcc"' and all other native food plants of the changa their 
numbers háve rapidly decreascd until at present the only datnages are 
those perpetrated by occasional tramp-like specimens. Moreover, 
keeping the ground clean around and bctween the cultivated plants 
affords a much better opportunity to the insectivorous birds for 
detecting the changa; so much so that in a clean cultivated open field, 
which is well policed by birds, it is almost sure death to a changa to 
appear above ground, or even to disturb the surface soil in its tunnel- 
ing operations during the daytime. 

W heně ve r practicable a field should be plowed and kept free from 
weeds for several weeks prior to planting. This pian not only starves 
out the pests, but gives the birds a ehance to destroy them. 

Speciál search with hoe or spade in badl} r infested grounds just after 
a heavy rain may sometimes be relied upon to rid a plat of ground of 
changas. In this way the pests may be kept in control in small areas 
at a slight expense. 

Several years ago the idea was conceived by several native planters 
to form a society or corporation with a capital of some hundreds of 
thousands of dollars for the extermination of the terrible pěst. Their 
idea was to establish substations throughout the island, at which a 
bounty would be paid for every specimen of changa brought in. It 
was thought that by pa3*ing a cent apiece, or perhaps less, the incen- 
tive would be so strong that the task of exterminating the plague 
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would be readily and rapidly accomplished. Although many of the 
more wealthy agriculturists expressed their willingness to subscribe 
liberally in this undertaking, the pian was nevěr carriedinto effect. 
The impracticability of this pian depends largely upon the impossi- 
bility of securing all the specimens in a given area; if even 1 per cent 
were left it would be merely a question of time when the task would 
need to be doně over again. 

The subject of trap lights has attracted considerable attention, 
especially within the last two or three years, but for sonie reason their 
use has nevěr becorae universal. In badly infested districts planters 
f requently light large fires of grass or brushwood during nights when 
changas are flying abundantly on their plantations. The effectiveness 
of these duli smoking fires is probably not so great as might be 
expected, for our experiments show that the changa is not attracted by 
a dim light. Tw t o or three forms of cumbersome and complicated lan- 
terns háve been devised; and one device especially deserves mention 
for its ingenuity — a lantern suspended above a cloth funnel leading 
into a tin receptacle at the bottom. This pian renders practicable the 
use of the living insects caught in the cloth funnel as food for fowls. 
The old Spanish agronomie substation at Martin Pěna, near Rio Pie- 
dras, experimented with a trap light, but we can find no records of 
these trials. 

Our experiments show that the best and cheapest form of trap light 
is a lantern (the larger the better), suspended above a receptacle 
partially filled with water, to which a little kerosene has been added. 
The changa is drawn to the light and striking the chimney of the lan- 
tern or lamp falls into the receptacle beneath. The water in this 
receptacle gives it stability and the layer of kerosene on top quickly 
kills the changas by stopping their breathing pores. The cost of run- 
ning a trap like this is from 1 to 5 cents a night, depending, of 
coursc, upon the size of the wick ušed. A coat of tar spread over a 
level surface of boards or zinc beneath the light holds fast nearly all 
of the insects which drop into it, but it was found much less satisfac- 
tory than kerosene, principally because the surface soon dries or 
becomes clogged. Probably an electric light or acetylene gas light 
would be much more advantageous than a lantern, but the cost would 
perhaps be prohibitive. 

Lights placed at the sides of a field should be provided with reflect- 
ors to throw all the light into the field. Fortunately there seems to 
be very few species of beneficial insects caught in the traps here; on 
the contrary, two species of cutworms, two or three species of the 
very injurious Ma}^ beetles (Dichnosteyma spp.), and the very numer- 
ous leaf-hoppers which infest plants of the beán family are caught in 
considerable numbers in the traps. A chimneyless trap light has 
proved alruost utterly valucless as a changa killer; the fláme is smoky 
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and even a light breeze causes the tin sides to become eoated with a 
deposit of soot, which of course destroys their reflecting power. The 
cost of a trap light should not be above $2, and by using a common 
lantern and five-gallon kerosene tin, the cost noay be under $1; the cost 
of oil should not be above 3 cents a night, even if the light be burned 
during the entire night, which is unnecessary, since the changa does 
not fly much during the cool hours after midnight. 

Aniong the repellent remedies which háve been tried at the station 
naphthalin has been found the most effective. The ílake, oř white 
crystalline form, was the kind considered. Various experiments háve 
been tried with this substance placed in holes in the soil at various 
distances apart and at various distances f rom the plants. It was found 
to háve little oř no deleterious effect upon the plant itself , even when 
considerable quantities were placed close to the roots of tender plants; 
but its volatile nature renders it necessary to repeat the treatraent 
every two to five days, depending upon the nature of the soil and upon 
the temperature of the atmosphere. We found that a dose of one- 
half to one drachm of the crystals in holes one to two and a half inches 
deep and 1 foot apart would prevent the entrance of the changa 
into the included area; renewing the naphthalin charge every three to 
four days kept the soil saturated with the vapor. An adult changa 
placed in a closed liter jar with 1 drachm of naphthalin becomes 
paralyzed in about three hours, but is not absolutely dead until after 
twelve hours. The cost of naphthalin is now only 5 or 6 cents per 
pound, but even at this low price its use is advisable only for valuable 
planta in clean cultivated areas. 

Many experiments háve been tried with car bon bisulphid, or "f uma." 
These show that although a moderate quantity of the substance suf- 
fices to repel the changa, its extremely volatile charaeter and its some- 
what high price (12 to 20 cents per pound) practically prohibits its 
use as an economic reagent. The vapor of "fuma" seems to be less 
obnoxious to the changa than that of naphthalin, although it is of course 
a much more powerf ul insectieide. An adult changa placed in a closed 
liter jar becomes paralyzed within one minuté after the addition of two 
or three drops of the liquid; and death soon follows unless the specimen 
be removed from the vapor. How r ever, an adult specimen placed in 
an air-tight wooden box containing 150 cubic inches with 5 drops of 
"fuma"' dies in from three to ten hours — that is, by a physiological 
effect of the poison rather than by asphyxiation. Two drachms of the 
liquid in a 2-drachm vial with a loose stopper of cotton or tin foil 
was found to last from two to five days when sunk in ordinary soil to 
a depth of 3 inches below the surface. 

Similar experiments háve been tried with creosote and creolin; but 
without stating the uninteresting details of these tcsts, sufHce it tosay 
that even by using a comparatively large quantity of these substances 
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placed in different manners beneath the surface of the soil, little oř no 
repellent action wa.s observed; even young changas will make new 
burrows directly over a partially closed vial of creolin, altbough its 
poisonous eífect in a dosed receptacle is as great, perhaps, as that of 
carbon bisulphid. An adult specimen in a box containing 150 cubic 
inches does not beeome páraly zed so quickly, but is killed in a shorter 
time than is the čase with the use of fct funuT' and with no reviving 
period between paralyzation and death f rom the poisoning action. A 
solution of creolin, containing one-half drachm of the pure liquid in 
1 quart of water, poured into the soil around plants serveš to repel 
the changa from a verv small area for a comparativcly short time. 

Pure kerosene poured into the soil about young plants also repels 
the changa so long as the soil retains strong traces of it; but its harm- 
f ul action upon plant tissues precludes its use except in extréme cases. 
A strong kerosene emulsion when poured liberally over a badly 
infested area will drive out the majority of the changas beneath the 
surface. 

Lime liberally spread over plats has little or no effeet in expelling 
or repelling the changa. 

Arsenic in its various compounds is found to be the best substance 
for combating the changa plague; but its use is attended with some 
difficulties. . The best mcthod of applying it seems to be the f ollow- 
ing: A quantity of u verba dulcc" plants are gathered and shaken free 
of dirt and cut into pieces of an inch or less in length; then white 
arsenic or Paris green is sprinkled over the chopped pieces of grass 
and the whole thoroughlv mixed together so that each piece of the 
grass will contain more or less of the arsenic. This poisoned bait is 
then put upon, or just beneath, the surface of the soil in badly 
infested areas. The changa will come to this bait even when wilted. It 
is well to lightly cover this poisoned bait, so that fowls will not eat it. 
A good proportion is one-half ounce of Paris green (or white arsenic) to 
every quart (liter) of the chopped grass, though of course this for- 
mula may be varied considerably . It is well to inoisten the grass bef ore 
sprinkling on the poison, and we believe there is a slight advantage 
in adding sugar to the water ušed in wetting the grass. Instead of 
putting a large quantity of the bait in one pláce, it is more economical 
to strew it in lineš or narrow rows among the plants near areas where 
surface burrows are numerous. Death ensues within a "very few 
hours after eating the bait. Since most of the poisoned insecte retire 
to their deepest retreats when suffering from the effects of the poison 
and die there, the bodies are not readilv found bv the ants; but if a 
specimen chances to die near the surface a procession of ants will mark 
the spot within a few hours. Thus the result of this remedy is not 
readily scén and its efficiency may therefore be doubted by the hastj' 
observer. But the continued use of the remedy can not fail to keep in 
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check, if not f ully exterminate, the enemy in the treated area. Pure 
Paris green is better for the above treatment than the white arsenic, 
but at present it is not readily procurable in the island. It can usually 
be purchased f roní dealers in agricultural implements for about 20 or 
25 cents per pound. The common arsenic, the powdered form of 
arsenious trioxid, can be purchased at any local drug store, although 
a physician'8 permit may be required. Even allowing for a very 
liberal waste, 5 ounces of arsenic, when ušed with "yerba dulce," or 
a similar bait, properly applied and distributed, should be sufficient 
to kill practically all the changas in 1 acre of ground within one week. 
We find that cuttings of eoleus stems 3 or 4 inches in length, 
dipped in white arsenic powder and laid upon the surface of the soil, 
is another remedy for the samé trouble. 

NATURAL ENEMIES. 

Unfortunately the changa has few nátura! enemies in Porto Rico. 
Its habits of emerging only at night, of spending nearly ail its time 
well hidden beneath the surface of the ground, its comparatively large 
size, and its great strength, activity, and fecundity, combine to render 
it peculiarly exempt from the dangers which beset the lives of most 
insects. There is a singulár lack of ground beetles of the family 
Carabidře here. With a greater abundance of these predacoous ene- 
mies of plant-eating insects, the early stages of the changa would be 
passed in less security. The parasitic flies (Tachinida?), which trouble 
the lives of many species of insects, can obviously nevěr affect the 
changa. The hair snake ( Gorduis aquaticus) in its third ( í) larval stage 
lives in the abdominal cavity of various species of grasshoppers in the 
United States, devouring the fatty tissues and íinally the viscera. A 
very large percentage of the black mole crickets (Stetwpelmdtm talpa) 
of Mexico are similarly eaten piecemeal. But although we háve 
examined hundreds of specimens of both sexes of the changa, we háve 
nevěr found the slightest trace of any internál or external parasites. 
Moreover, no trace of any fungus disease has been detected on the 
changa. In the near f uture we hope to experiment with the fungus 
which attacks grasshoppers in the Central States. This fungus 
(Em-pusa grylli) has been successfully ušed to inoculate individuals, 
which are then turned loose in the fields, where they carry contagion 
and death to the noninfected individuals. It is extremelv doubtful, 
however, if this fungus can be inoculated into the changa, on account 
of the widely different habits of the grasshopper and the mole cricket, 
as well as the ditferent climatic conditions here. 

The red mite (Tromhidium locufitarmn), which is so common a para- 
site on grasshoppers in the United States, does not attack our changa. 

Probably the most important natural enemy of the changa is a 
species of blackbird called here the "judia" (the jewess) on account 
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of its enlarged upper mandible. These birds hover ahout cultivated 
fields and pastures, and one may often t>e seen darting down f roní a 
tree or f ence post on to the surfaee of the ground and hopping back to 
its perch with a changa in its beak. Of course they can accomplish 
tbis kind act to the farmers and themselves only when the changa, 
on account of the eondition of the soil and of the weather, is working 
at or just beneath the surface. Several other species of birds, the 
u mazambique," the "mirlo/' one which happens to háve the nanie 
of " chango," and others are also enemies of the changa. These birds 
f requently také up their residence near cultivated fields, and should of 
course be encouraged in thls by the fartners who should sec that the 
law protecting the birds is vigorously enforced. 

The comraon lizard also consunies considerable numbers of the 
changa, but, of course, it can work only in the daytime; besides, a 
lizard under 6 inches in length can only with great difficulty manage 
to swallow an adult changa. They may be noticed f requently running 
about in cultivated fields andgardenscarryingin their mouths changas 
which they are unable to swallow, but which they are determined to 
hold on to as long as possible. Many changas would probably escape 
f rom the small-sized lizards were it not for the fact that a large lizard 
f ollows the nonethical custom of dispossessing a weaker brother of his 
prey whenever an occasion offers. 

Domestic fowls often learn to f ollow a plow and piek up the changas 
and grubs which are turned up with the earth. 

It has been suggested that the horned toad of Mexico and Southern 
United States might become an important enemy of the pěst, but it is 
extremely doubtful if that desert animal could withstand our huinid 
climate; inoreover its habits are strictly diurnal. 

The common toad of the United States, being nocturnal in hábit, may 
prove of some use in intercepting occasional marauding changas, and 
arrangements háve already been made to introduce it into this island. 

Combined and intelligent effort toward judicious and persistent 
application of the remedies as advised in this bulletin will keep the 
changa under control in Porto Rico. 

The changa is justly considered one of the greatest difficulties the 
Porto Rican agriculturist has to deal with at present, but it is not suf - 
ficiently important to prevent the successful cultivation of any tropi- 
ical product in the island. Indeed, its injuriousness has been f re- 
quently overestimated by discouraged planters; it has been blamed for 
the unprofitablensss of various crops in many localities when poverty 
of the soil, fungus and bacterial diseases, poor agricultural methods, 
or unfavorable ecological conditions háve been the true causes. 
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SUMMARY. 

The changa is a comparatively large insect of the order Orthoptera; 
its habite are subterranean and noc t umal; its food consists largely of 
roots of plants. The f emale lays her eggs in the galleries under ground. 
The life of an individual is about one year. Its enemies are lizards 
and birds, but since these are strictlj' diurnal in hábit, the changa 
suffers comparativel} r little f rom them. 

The damage to crops in this island by the changa amounts to prob- 
ably more than $100,000 annually. The crops injured most are cane, 
tobacco, and rice; a few crops are exempt from attack. The depre- 
dations extend over the entire }-ear. 

Comparativel} T little damage is doně in clayey soils; moist, sandy 
loam is preferred. Saturation and extréme dryness of the soil are 
conditions which prevent the changa's operations. 

The old method of protecting the roots of seedling plants with 
mamey leaves is more or less deleterious to the plants; but the great 
cheapness of this method commends it to the tobacco growcr. The 
coarse wire gauze cylinder is recommended for tomatoes and valuable 
plants. 

Clean eultivation, both before and after planting crops, is recom- 
mended, because a large portion of the changa's ordinary food supply 
is thus cut off. Hilling up is also recommended where practicable. 
Speciál search with hoe or spade soon after a rain may be relied upon 
to some extent in small plats. 

Plowing during the winter and spring months will bring to the sur- 
face numbers of the eggs and } r oung larvse, and this exposure to their 
enemies will result in the death of a large percentage of their numbers. 

Trap lights are recommended for use on nights when the changa is 
flying in numbers. A dim light is nearly useless. A large lantern 
having a reflector and set at the edge of a field or a lantern with no 
reflector set in the middle of a field, will give best results. 

Arsenic or Paris green sprinkled on chopped grass is the best bait; 
this poison should be distributed in small patches or narrow rows just 
beneath the surface of the soil. 

Naphthalin placed in the ground about plants serveš to repel the 
changa, but its use is warranted only in small and badly inf ested areas. 
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SOIL SURVKY FROM ARECIBO TO PONCE, PORTO RICO. 

By CLARENCB W. DORSEY, LOUIS MESMER, and THOMAS A. CAINB. 
LOCATION AN1> HOUNOARIEN OF THK AIIEA. 

The island of Porto Rico is the fourth in slze <>f theGroater Antilles 
group of the West Indics. Its area is approximatoly 3,600 square 
milrs, or about four time.s the land surfaee of Long Island. Lying 
between 17 c 55' and 18° 30' north latitude and 65° 39' und 07 " 11' west 
longitude, the island is distant f rom the most castem point of Čuba 450 
miles and from New York 1,400 miles. Haiti, the nearest island of 
importance, is 75 milos distant, duo west. (Seo fig. 1.) 
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The present soil survey covers au area of 211,180 acros, or ubout 
330 square miles, iu the western half of the island, coinprising a strip 
10 miles wide — 5 miles on each side of tho military road — extending 
from Arecibo, on the north coast, to Ponoc, on the south. As no aceu- 
rate topographic survey had l)een niade of the area, it was found neces- 
sary toprecedethosoilsurvdy by a traverse party, which was, however, 
composedof men in tho soíl-survey party, and the soilswere plotted on 
a base prepared in thia way. The traverso work wascheckedon both 
coasb* with United States Coast and Geodet ic Survey maps, with which 
it was found to agree nicely. It is lielieved that this insures the 
reasonable aoeuracy of the boundaries of the soil ureas in tho interior 
of tbe island. 



The Porto Rican soil survey was undertaken at the request of the 
Office of Experiment Stations, which through the cooperation of the 
agricultural experiment station of the island rendered assistance and 
advice and paid a part of the field expense of the work. 

HISTORY OF SETTLEMENT AND AGRICULTURAL DEVELOPMENT. 

Porto Rico was discovered by Columbus on his second voyage to 
America (1493), but it was not until 1510 that the first attempt at col- 
onization was made by Spain. In that year Ponce de Leon founded 
the city of Caparra, soon afterwards abandoned, and in the following 
year, with more success, San Juan de Bautista, later called Puerto 
Rico, and now San Juan. 

From its discovery to its acquisition by the United States Porto 
Rico continued a Spanish possession, although attacked many times 
by foreign nations, especially by the English, and harried by free- 
booters and pirates. Drake sacked San Juan in 1595, and Abercrom- 
bie, in 1797, in what was the most formidable expedition ever planned 
against the colony up to that tinie, laid siege to San Juan and the 
Morro castle for thirteen days. But he f ound the great stone f ortress 
impregnable and was forced to withdraw his fleet and army of 3,000 
men. The hundred years intervening between this attack and the 
occupation of the island by the United States troops saw no inter- 
ference with Spanish rule, if we except one single and very feeble 
movement of the islanders for independence early in the nineteenth 
century, which was promptly quelled. 

During the first three centuries of her dominion Spain paid but 
little attention to this small island possession, but as one by one Mex- 
ico and her other richer colonies revolted and were lost, Porto Rico 
became of relatively greater importance and was the object of greater 
exploitation. Data of the growth of population and the extension of 
settlement in the earlier years are meager. No definite reports of the 
fiscal and other administrativě departments of government were made 
until toward the end of the eighteenth century. The population was 
increased to some extent by immigrants from San Domingo and the 
French settlement in Haiti, driven out by the insurrection of the negroes 
against the whites, which occurred in 1789 and the years closely follow- 
ing. Settlement was encouraged during a limited period f ollowing 1815 
by a royal decree granting f ree land to colonists, the amount being pro 
portioned to the number of slaves owned. These lands were exempted 
from taxation for a period of ten years, and the settlers were relieved 
for a like period from the payment of cither import duties on agri- 
cultural machinery or export duties on the products of their plantations. 

In 1765 the population of the island was 44,883; in 1802 it had 
increased to 163,192, and in 1899 to 953,243. The density of popula- 
tion is to-day seven times greater than that of Čuba, and greater than 



that of any of the States except Massachusetts and Rhode Island. 
Aboutthree-fifths of thepopulation are white, the proportion of whites 
tó negroes, pure or mixed blood, being about the samé as in Virginia, 
and greater than most of the Southern States. There are now in Porto 
Rico 57 towns with a population of 1,000 or over. Four of these — San 
Juan (32,048), Ponce (27,952), Mayaguez (15,187), and Arecibo (8,008)— 
háve populations above 8,000. Ponce and Arecibo are situated within 
the area surveyed. 

The population of Porto Rico is largely rural, the percentage of 
urban population for the different civil departments, according ťo the 
last census, ranging from 13 to 29 per cent of the total population. 
The percentages for the departments of Arecibo and Ponce, within 
which the area surveyed lies, were 13 and 23 per cent, respectively. 

The agricultural development of the island has been based mainly 
on the production of sugar and coffee, while stock raising has also been 
an important factor, and tobacco, and more recently f ruit, háve con- 
tributed a considerable part to the revenues received from articles 
exported. 

In 1815 sugar cane was brought into the island from Haiti, where 
Columbus had introduced it on his second voyage, but only molasses 
was manufactured until 1548, when the first milí for the production of 
sugar, to be run by water, was built. In 1581 there were 11 mills in 
operation whose aggregate production amounted to 15,000 arrobas 
(375,000 pounds, or 187 tons). 

Many fluctuations in the production of sugar háve taken pláce. At 
one time in the seventeenth centurv the cultivation of cane was almost 
entirely displaced by the cultivation of ginger, and a royal decree 
prohibiting the growing of the latter crop and governmental aid in 
rebuilding of sugar mills had to be resorted to in order to resuscitate 
the languishing industry. The wrecking of the mills and the destruc- 
tion of the crops by hurricanes has now and again almost ruined the 
industry. 

The exportation of sugar reached its maximum in 1879, when 170,000 
tons, the product of 553 mills, were shipped from the island. From 
that point the exports, which may be taken as an index of production, 
declined to a minimum of 47,000 tons in 1893, whenco they háve slowly 
risen to about 90,000 tons in 1899. a 

This later decline in the production has been due principally to the 
low price of sugar and the impossibility of manufacturing sugar at a 
profit with the old methods and old machinery that háve been in use in 
the great majority of Porto Rican mills. Scattered over the island one 
sees many sugar mills of the old type disused and rapidly going to ruin. 
To equip a modem milí a capital of from $350,000 to $500,000 is 



a See Bulletin on Porto Rico, Bureau of Statistice, Treasury Department. 
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needed, an amount so large that few individual planters are in a posi- 
tion to change their milí equipments to meet the new conditions of 
competition. The tendency is, therefore, toward the centralization of 
the industry, tho esteblishment of large mills — partly cooperative — 
and the absorbing of the smaller by the larger plantations. 

These few main facts give some idea of the development of the sugar 
industry in the island at large and apply pertinently to the area sur- 
veyed. At present sugar cane is relatively of less importance in the 
Department of Arecibo, where, according to the latest figures, itoccu- 
pies 5 per cent of the cultivated area, than in any of the other depart- 
mente. The proportion in Ponce is three times as great. 

Coffee was introduced into the other Antilles from Martinique, 
where it was first planted in 1720, by M. Declieux, who brought the 
seed from the Botanical Grarden in Paris. It is believed to háve been 
brought into Porto Bico by French refugees from Haiti in the 
eighteenth century. The production amounted to 728,025 pounds 
in 1770, and by 1776, through the remission of taxea, the produc- 
tion had nearly doubled. The market at that time was limited to 
Mediterranean porte, and coffee production did not hold an important 
pláce in the agriculture of the island until nearly one hundred years 
later, when the admission of coffee into the United States gave a great 
impetus to the industry. In 1850 the production amounted to 11, 783,684 
pounds, in 1870 to 17,416,762 pounds, and in 1897 to 51,710,997 
pounds. The crop of 1898 would háve been verv large had it not been 
almost wholly destroyed by the severe hurricane of that year. 

Recent statistics pláce the proportionate acreage of coffee at 36 per 
cent of the cultivated area of the island. In the Department of Arecibo 
the crop now normally occupies 50 per cent, and in Ponce 43 per 
cent, of the cultivated area. 

Tobacco is indigenous to the island, but in the earlier years of set- 
tlement its cultivation was interdicted, both by papal bulte and royal 
decrees, the latter issued in 1608. However, its cultivation was per- 
mitted by a speciál law passed in 1614. By this samé law the sále of 
tobacco to a foreigner was prohibited on penalty of death and confis- 
cation of property. Other stringent measures were enacted in 1777 
and 1784 which by their very severity defeated their own purpose. 
In 1775 the crop reached 701,750 pounds. Production was large 
enough to permit of exportation in 1836 (4,954,200 pounds), but by 
1838 had declined to half that amount. The maximum crop was that 
of 1880, when 12,000,000 pounds were produced. The crop of 1897 
reached 6,250,000 pounds. 

The tobacco formerly went largely to Čuba, and a prohibitive cus- 
toms duty in force in that island at present has greatly curtailed the 
acreage of the crop in Porto Rico in the last two seasons. Tobacco, 
while the third product of the island of importance in the foreign 
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trade, is relatively unimportant as regards the area devoted to its pro- 
ductioD. It is, however, of great importance, considered in the ligbt of 
the possibilities of future extension. In the Departments of Arecibo 
and Ponce but 1 per cent of the cultivated area was devoted to tobacco 
in 1897. 

Grazing of neat cattle and other live stock f ormed the chief industry 
of the colonists during the early history of the island, and it is still an 
essential part of the rural husbandry. Of the subsistence crops 
plantains, bananas, sweet potatoes, tanier, indián corn, rice 1 and cocoa- 
nuts háve played important róles in the development of the country 
over which the present soil survey was projected. 

GIIMATE. 

The area surveyed has a wide range of climatic conditions. While 
no complete records are available for the area, United States 
Weather Bureau stations are situated at Arecibo, Utuado, Adjuntas, 
and Ponce, where records háve been kept for the last two or three 
years. The accompanying table shows the mean annual temperature 
for Arecibo and the mean annual precipitation for the district about 
Adjuntas, the other data being f ragmentary. From these figures it 
will be observed that the climate is typically tropical, and that there 
is but little variation in the temperature from one month to another. 
Cool trade winds from the northeast lower the temperature consider- 
ably, and the island enjoys the reputation of being quite f ree from 
tropical diseases and f cvers. As Ponce is on the southern coast, which 
is warmer and drier, it undoubtedly has the highest annual tempera- 
ture of the entire area. Adjuntas, situated at an elevation of about 
2,000 feet, is known as one of the coolest towns on the island. The 
normál temperature for Arecibo is 76.1° F. 

December, January, and February are considered the coolest months, 
while August, September, and October are the warmest months. The 
precipitation as shown by the records at Adjuntas is least during Feb- 
ruary and greatest during April, June, July, August, and October. 
The rainfall for Adjuntas, as given in the accompanying table, is nearly 
100 inches. Adjuntas and Utuado receive the greatest amount of rain 
because of their situation in the higher altitudes of the northern slope. 

As compared with the northern side of the island, the southern side 
is quite dry, making irrigation necessary for the successf ul cultiva- 
tion of most crops. 

The moisture-laden trade winds blowing from the northeast pass 
over this area, causing a higher precipitation on the north side, and 
especially near the summits of the mountains. It is said that the 
mountains above Utuado and Adjuntas are frequently cnveloped in 
clouds for months at a time, and that occasionally during the miny 
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season the sun is not seen for weeks. Frosts probably nevěr occur; 
at least killing frosts are unknown any where on the island. 

Mean montídy and annual temperature and precipitation, 1900. 





Arecibo. 


Utuado. 


Adjunta*. 


Ponce. 


Month. 


Temper- 
ature. 


Precipi- 
tation. 


Temper- 
ature. 

°F. 
a75.8 


Precipi- 
tation. 


Temper- 
ature. 

67.4 
67.5 
67.9 
71.0 
76.0 
75.0 
«75.8 
79.5 


Precipi- 
tation. 


Temper- 
ature. 


Precipi- 
tation. 


J*nu**y .,.,., . 


°F. 
73.4 
73.0 
72.8 
75.2 
77.0 
78.0 
78.2 
78.4 
78.5 
77.4 
76.6 
- 74.9 


Incha. 


Inchet. 



Inche*. 

2.58 
.63 

1.62 
12.29 

9.47 
18.92 
11.06 
21.42 

4.61 
10.94 

2.82 

1.54 


a73.2 

o 75. 5 
77.2 
79.1 
« 79. 5 
80.5 
80.4 



Inche*. 


Februaiy 

March 


0.87 
1.66 
6.38 
3.16 
7.43 
4.84 
4.25 
8.59 
4.79 
6.28 
5.89 









0.45 
2.09 
4.25 
8.34 
2.47 
3.45 
3.37 




April 




&2.00 


May 




&7.90 


Jane 


81.2 


&6.10 


July 

September 


&2.90 




3.76 






October 


a82.6 
80.1 
74.3 


79.8 
80.1 
79.1 






November 


8.11 
1.08 






Docember 












Year 


76.1 






1 


97.90 
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PHY8IOGRAPHY AND GEOLOGY. 

As the area survej-ed passes over the three main physiographic 
regions of the island, it may be well first to briefly deseribe the phy si- 
ography or surface reliéf of the entire island. 

The greater part of the island consists of a series of mountain chains, 
composed largely of igneous and volcanic rocks, stretching in a generál 
easterly and westerly direction, except in the northeast portion of the 
island. The mountain region is deeply carved and eroded and con- 
sists of a series of "cerros," or knobs, and elongated ridges from 
which rise numerous sharp peaks. Its altitude varies from less than 
1,000 feet to about 4,000 feet. 

Surrounding this centrál mountainous region is an area sloping 
gently to the sea, composed of coral Hmestone of considerable thick- 
ness. This area is of sedimentary origin and indícates that the whole 
island has been lifted about 1,000 feet above the sea in recent geologie 
time. This fringe of Hmestone is several miles wide in places, and 
where rock solution has been the most active agent of decay it pre- 
sents the form of a table-land, but where erosion has been the most 
active this form has been lost and the surface consists of innumerable 
conical hills. 

Lowcr down comes the coastal plain, with its low, rounded Hme- 
stone hills, lagoons and swamps, and rich alluvial lands at the mouths 
of rivers. 

In the area under consideration all these physiographic forms are 
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well developed, and so marked are the generál characteristics of each 
that they stand out in bold contrast. The coastal plain in the area 
surveyed in the Department of Arecibo consists of low, rounded hills, 
the wide playa plain, and the eoast lagoons and swamps. East of the 
Arecibo River and for a distance west of the city itself are low bars of 
sand dunes and beach sand. These bars and dunes, usually only a f ew 
feet in height, generally rest on a ridge of firmly cemented coral sand 
and fine gravel. They are covered with a coating of loose, incoherent 
coral sand, which is drifting southward, driven by the strong trade 
winds, which almost continually blow from the northeast. The city 
of Arecibo is built upon one of these low, rounded hills of firmly 
cemented coral sand; also the light-house and village east of the 
Arecibo River. 

Just back of these dunes are generally found naiTOW swamps or 
lagoons, usually covered with thick clumps of mangrove bushes. These 
swamps are partly marine and partly alluvial in origin. West of 
Arecibo the swamps are of slight extent, and nowhere do they attain 
a width of more than one-third of a mile. East of the river the 
coastal swamps reach greater proportions, as will be seen from an 
inspection of the map. Certain parts of this swamp háve been 
reclaimed and planted to sugar cane. More extensive reclamations 
háve been planned at various times, but as the question of ownership 
of such tracts of land has not been definitely settled no considerable 
operations háve been carried out. Much of this land, if properly 
drained, would make valuable sugar land, but in some localities thor- 
ough drainage would be an expensi ve undertakiug. 

The playa plain includes an area of several miles situated on each 
side of the Arecibo River, with the greater development on the east 
side of the river. This plain, situated but a few feet above the sea, 
is remarkably evcn, with but few changes in elevation. It comprises 
all the valuable cane land near Arecibo, and probably represents a 
former estuarine deposit, laid down at a time when the land stood at a 
lower level than at present. The Arecibo River meanders through 
this plain, and only in times of the greatest floods, such as that which 
occurred during the hurricane of August, 1898, does the water cover 
any considerable portion of the plain. At the time of the hurricane 
the greater part of this plain was covered with several feet of water. 
The playa consists almost entirely of fine silt to a depth of several 
feet, and represents the slow deposition of such materiál in compara- 
tively shallow, quiet waters. (See PÍ. 1.) 

South of the alluvial lands near Arecibo are low, domc-shaped hills. 
Some of the lower ones háve been nearly buried by the alluvial depos- 
ita of the river. Others rise symmetrically to a height of 100 feet or 
more. The rock of which these hills are formed is a soft white lime- 
stone that seems to weather uniformly, leaving few, if any, projecting 
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ledges. On top of the hills thc soil is very shallow, while farther down 
it becomes deeper and richer. The thick mat of grass which usually 
covers these hills, together with the loose, porous rock below, prevents 
washing. West of Arecibo these hills extend down to the coast and 
are more nunierous though not so symmetrical in form. From above 
they háve the appearance of a rolling plateau. Prominent groups of 
these hills lie to the southeast of Arecibo, 4 miles directly south of 
the city in a great bend of the river and li miles southwest of the city. 
(SeePl.II.) 

Inland from the area of low, rounded limestone hills in the vicinity 
of Arecibo, and extending south for about 8 miles, is a large area of 
limestone, which, because of its greater elevation, rough, angular 
topography, the decided change in vegetation, a thick growth of trees 
and bushes, and the many bare rocks of chalky whiteness, stands out 
in marked contrast to the region to the north. The elevation of this 
materiál varies from about 200 feet near Arecibo to about 1,000 feet, 
where it rests as a mere capping upon igneous and volcanic rock along 
the Limon and Caiguantes rivers. These rivers seem to háve adjusted 
themselves very largely to the old shoro line, probably because it was 
a line of weakness, so that at present there is a noticeable valley in 
the vicinity of the line of contact. Where these rivers enter the Rio 
Grande de Arecibo they háve cut deep gorges into the igneous and 
volcanic rock below, leaving an isolated capping of limestone at the 
junction of the Arecibo and Alonso rivers. 

Along the northern border the hills are separated into parallel 
chains, f requently inclosing small, level valleys, but farther south the 
hills are more closely packed together and become a series of almost 
impassable barrancas or rock-walled canyons and pits. The steep- 
sided depressions show, on a tremendous scale, the enormous extent to 
which rock solution takés pláce under tropical conditions. They rep- 
resent an almost endless series of great limestone sinks or basins formed 
by the dissolution of the softer layers of limestone by rain water. 
The water causes great underground cavities to be formed, the roofs 
of which finally break through and leave the perpendicular rock walls 
exposed. Standing on any of these hills capped with the harder 
stratům of limestone, the enormous size of the sink holes is at once 
realized. They are great basins with bare, perpendicular rock walls, 
f requently 100 feet deep, and sometimes reaching a depth of 200 feet. 
These basinlike depressions occasionally include small swampy spots, or 
a great spring may break f orth in one side only to disappear in the oppo- 
site side. Some contain a few acres of fertile land. Frequently the 
streams and even large rivers that traverse this limestone country dis- 
appear altogether for considerable distances. In one instance the out- 
let at the bottom of one of these basins had become obstructed, and a 
small lake had been formed, in the midst of which were still growing 
cocoa palms and bread-f ruit trees, while the empty buildings in the 
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center, stíll in a good statě of preservation, sbowed that the inunda- 
tion had occurred within the last f ©w years. The drainage of this 
region is mainly subterranean, and only two large rivers traverse it, 
the Arecibo and the Tanama, which carry a large part of the waters 
from the interior of the island. Both of these rivers flow in deeply 
cut canyons. 

This broken table-land slopes gradually to the soutbward and its 
centrál region is most inaccessible and difficult to cross. Away from 
the military road only narrow trails traverse this country, and the 
question of transporting the producte which may be grown in this 
region will always be a serious one. The trails, stony and rough, 
wind in and about the narrow ravines and f requently one has to cross 
five or six divides from 200 to 500 feet high in going a mile. Over 
such trails the native goes barefooted, either carrying his product to 
market on his shoulders or on the back of his little pack horše. Still, 
many people find a habitation in the limite of this hilly region, for the 
stony soils are comparatively fertile, although almost inaccessible and 
difficult to till. The rocks comprising this table-land consist of layers 
of hard and soft limestone of Miocene age. Along their margin these 
rocks contain many coral heads, often several feet in diameter. 

On the south side of the island this limestone region has a veiy dif- 
ferent appearance. The valley between it and the inner volcanic 
regions is much more distinct, as for example at Penuelas, but there 
is no sign of table-land and there are no pits or sinks. There are f ew 
trails and almost no houses. The soils are very shallow and, owing to 
the arid conditions that exist there, they are at present almost worth- 
less except for pasturage during the wet season. 

In point of area the centrál or igneous and volcanic region is the 
most important, as it represents more than half the area surveyed. 
This picturesque region, which is enormously eroded, slopes toward 
the north. In the valley at Utuado the altitude is about 600 feet, 
while about 10 miles south, above Adjuntas, where the military road 
crosses the divide, the altitude is about 2,400 feet, according to baro- 
metric readings by Mr. Herbert M. Wilson. a West of this point, on 
the border of the area surveyed, Mount Guilarte, the second highest 
peak on the island, rises over 1,000 feet higher. South of the divide 
the descent is very rapid, the distance to the seacoast being only 15 
miles in an air line from Mount Guilarte. 

The divide is but 11 miles from Ponce, while it is about 25 miles 
from Arecibo. The position of the divide, so far to the south side of 
the island, may be accounted for by the fact that the trade winds, 
which blow continually from the northeast, are robbed of their rnois? 
ture before or while passing over the divide, and therefore there is a 

aWater resources of Porto Rico (1900). 



16 

greater rainfall on the north side of the island. The heavier rainfall 
has produced greater erosion and slowly shif ted the divide southward. 
On the north this ridge slopes gently, with numerous knobs and elon- 
gated ridges, to the valley lying at the junction of the Alonso and 
Arecibo rivers. Valley s similar to this are f requently called u parting 
valley s," for usually at the junction of the limestone table-land and 
the central-mountain region a well-defined valley is observed. It is 
along the junction of these two physiographic regions, also, that the 
main drainage rivers háve developed the lateral tributaries which háve 
f ormed them. 

Throughout the centrál mountain region there are many rapid 
streams. The amount of rainfall and conditions of temperature are 
such that the rate of erosion is tremendous. At Utuado the erosion 
forms are very beautiful, and an accurate reliéf model of the valley 
and surrounding mountain slopes would appear almost as if constructed 
af ter someone's f ancy. The rocks in this vicinity are a coarser-grained 
granite that has weathered more rapidly than the surrounding country, 
the valley being the result The rate of erosion of this rock at the 
lower elevations has been greater than the rate of weathering, as shown 
by the sandy character of the soils, which are of little agricultural 
value. On the higher elevations, where weathering has been more 
rapid than erosion, the characteristic soils are deep reddish clay loams 
and tenacious red clays. Such soils are best for coffee, and throughout 
this region coffeo plantations may be seen on every hand. 

Fine examples of the rocks of the centrál mountain region may be 
seen along the military road from Arecibo to Ponce, where they are 
ušed for road ballast. Many volcanic conglomerates, containing bowl- 
ders several f eet in diameter, were noticed, as well as extensive areas 
of volcanic tufa. South of the divide, the dividing ridge being only 11 
miles distant in an air line from Ponce, the slope is much steeper, and 
the streams are correspondingly much smaller and in the upper part 
of their valleys are rapidly eroding their channels. Owing to the semi- 
arid conditions of this region irrigation is necessary, and the streams 
either dry up or become nearly lost in the sands and gravel in their 
lower reaches. On the southern portion of the island the limestone 
f oothill region, while not so prominent as on the northern slope, forms 
a considerable table-land, similar in many respects to that f ound on the 
northern side of the island, but not so broken and dissected, nor is it 
situated at so great an elevation above the level of the sea. There also 
occurs an area of low, rounded hills, but they lack the symmetry of 
the hills around Arecibo. South of the limestone table-land, in the 
vicinity of Ponce, a considerable playa plain has been developed at the 
mouth of the Portugues River. This plain forms the sugar lands of 
the south coast and is quite similar in many respects to that which 
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occurs in the vicinity of Arecibo, the cbief distinction being the more 
sandy textuře of the soil. 

Four and one-half miles southwest of Ponce there is a large lagoon 
much like those on the north coast. It is quite deep and is protected 
from the sea only by a bar of Band. Along the coast to the south and 
24st of Ponce there are some areas of low-lying alkali land. The 
abundance of marine shells in this land and in the subsoil of much of 
the land in the vicinity of Ponce would indicate that the whole plain 
was built up by deposits laid down in shallow salt water, just as they 
are now being laid down in the large lagoon just mentioned. 



SOILS. 

As the present survey includes a strip passing through all the geo- 
logical regions and having all the various climatic conditions of the 
island, it is thought that the soils mapped include nearly all of the 
important types of the island. They embracc those derived from the 
slight superficial weathering of coral reefs and sands, from the deep 
weathering of hard, igneous trap rocks, and from the aceumulation of 
alluvial deposits along the Arecibo and other rivers. The appended 
table shows the approximate areas of the different soil types. 

Areas of different soils. 



Soil. 


Acres. 


Percent 


Tinama stony loaxn 


41,680 
29,890 
25,100 


19.7 


Adjuntas clay 


14.2 


Ciuado sandy loaxn. 


11.8 


Arecibo loam 


17,700 
16,040 


8.4 


Pastillo loam 


7.6 


Portngues stony loam 

Alonso clay 


15,600 

13,690 

8,960 


7.4 
6.5 


Arecibo řrfU loflin ... 


4.2 


TTtiiado loam 


7,880 


3.7 


Aracibo nand . , 


7,580 


3.6 







Soil. 


Acres. 


Per cent. 


Ponce sandy loam 


6,550 
6,680 
4,010 
2,690 
2,620 
2,480 
1,060 
970 


8.1 


Penuelaa adobe 


8.2 


Portugues adobe 


1.9 


Arecibo sandy loam 

Coral sand 


1.8 

1.2 


Ponce loam 


1.2 


Vivi sandy loam 


.G 


J 


.5 


Total 


211,180 

1 









CORAL SAND. 



This type consists of coral and shells ground up by the action of the 
waves and mixed with a small amount of quartz sand brought down 
by the rivers and driven inland by the winds. On the south side of the 
island this sand covers several square miles. The areas are low lying, 
and attain their greatest elevation (8 or 10 feet) within 75 yards of the 
coast, sloping gradually inland from this point. On the north side 
the areas of this soil are much smaller. The sand here has drifted up 
in the form of dunes, beneath which cemented coral sands were found 
in several places. 

8163— No. 3—03 2 
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On account of tho loosc, incoherent náturo of this soil it does not 
contain alkali except in the low-lying places on tho south coast, where 
the water tablo comes close to the surface. 

Several areas of this soil háve been planted to cocoanut trees, which 
are quite resistant to salty conditions of soil. Though in somo places 
the roots of the trees are even washed by the sea, the trees grow fast 
and begin to f ruit in five years. This type is ono of the best for cocoa- 
nut plantations, and of but little use foranything else in a commercial 
sense. In a few places fishermen háve clcarcd sniall areas of Coral 
sand within 100 yards of the sea and planted them in plantains, bananas, 
and sweet potatoes for home consumption. The latter were said to 
do fairlv well in favorable seasons. The land is valued at less than 
a tenth of the value of the sugar-cane lands. 

The following table gives the mechanical anály ses of the Coral sand: 



Mechanical analyses of Coral sand. 
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Arecibo sand consists of medium-grade sand having a depth of at 
least 3 feet, with little or no difference in character or in appearance 
between the soil and subsoil. It is loose and incoherent and easily 
cultivated, but this open character makes crops planted on it very 
liable to damage f rom drought. 

The Arecibo sand varies considerably in color, most often being red 
or white, f requently occurring in shades of brown, yellow, gray, and 
even black. The gray and black sands are usually dosely associated 
with the white, and undoubtedly owe their color to a mixture of white 
with a greater or less quantity of thoroughly decomposed organic 
remains. The red sand possesses a soft fcel and consists of rounded 
grains of coral, the soil and subsoil being the samé. The brown and 
yellow sands are similar in composition and are mixtures and varia- 
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tíons of the red and white sands. The red soil is usually considered 
better than the other colors of this type. 

The largest areas of Arecibo sand are situated southwest and west of 
Arecibo. Small patches are also found southeast of the city and a f ew 
others in the limestone valleys to the southward. The only area of 
iinportance consisting of white aand lies north of the Lares road, 3 
miles west of Arecibo. It is made up principally of pure quartz 
grains, and it is for the most part devoid of vegetation. These soils 
are either areas of wind-blown sand which has drifted inland f rom the 
seacoast or, in some cases, relics of f ormer beaches, constructed at a 
time when the sea stood relatively much higher than it does at present. 

In the small inclosed valleys occupied by this f ormation the surf ace 
is comparatively level, but with some gentle undulations, while to the 
west and southwest of Arecibo the sand occurs as a covering, a few 
feet in depth, over rolling hills and valleys underlain by whitish lime- 
stone. 

Many different crops are grown on these soils, with varying results. 
Small areas of gondules, sweet potatoes, corn, beans, cassava, and 
tobacco were observed. A small amount of f ruit is also grown, con- 
sisting of cocoanuts, bananas, plantains, papaya or papaw, pineapples, 
etc. The red sand may be adapted to orange culture, although as yet 
no attempt has been made to grow this f ruit on a commercial scale. 
To the ^west of Arecibo this soil produces fair crops of Guinea grass. 

The brown and yellow sands are ušed for much the samé crops as 
the red sand. In generál the Arecibo sand, with proper fertilization, 
might produce good crops of pineapples, for it closely resembles — 
especially in the white phase — the f amous pineapple lands of southern 
Florida; but as yet very little attempt has been made to grow this 
fruit. 

The following table contains the mechanical analyses of samples of 
the red and gray sands: 

Mechanical analyses of Arecibo sand. 
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RIVKRWA8H. 



The Riverwash generally consists of a coarse grade of sand, but 
often it is mixed with varying amounts of coarse and fine gravel. 
Thcre is littlc difference between the soil and the subsoil. 

The only areas of this soil type occur along the river in the vicinity 
of Areeibo. 

The soil is derived f rom the deposition of sediment by the river at 
times of flood, and is liable to overflow during heavy rains at almost 
any season of the year. For this roason it is not of much agricultural 
value. Věry little attempt is madc to cultivate it, and it is covered 
with a sparse growth of grass, which affords some pasturage. 



ARECIBO 8ILT LOAM. 



The Areeibo silt loam, which is one of the most important agricul- 
tural soils of the area, consists of a heavy, rich bťown silty loam, 
having a depth of at least 3 feet, and in many cases a depth exceeding 
10 feet or cven 15 feet. Little diíference can be detected between the 
soil and subsoil to a depth of 36 inches, except that in the lowcr depths 
it is usually of a slightly lighter color. When in a moist condition it is 
of a dark brown, but the surface, after a period of several weeks 
without rain, becomes decidedly lighter in color. In some localities 
occasional small bands of coarse sand are f ound, rarely exceeding a 
few inches in thiekness, and occasionally scattered pcbbles are seen on 
the surface. Along the Areeibo River there are in places shallow 
deposits of fine or even medium sand, nevěr of suíficient depth to 
impair the soil for the growing of sugar cane. 

The Areeibo silt loam is found south of Areeibo on both sides of the 
river, oceupying the greater part of the plains region of the north coast 
and extending on the west side to the f oot of the limestonc hills and on 
the east side merging into the areas of swamp land or reaching back 
to the f oot of the rounded and sometimes to the angular limestone 
hills. 

This soil has generally a very level, flat surface, but at times this 
gives way to gently rolling topography. There are a few low ter- 
races, but it is doubtf ul if in the entire area an elevation greater than 
30 feet is any where attained. 

The Areeibo silt loam is rarely overflowed, except at the times of 
severest hurricanes. During the hurricane of August, 1898, a large 
portion of the area was covered with water to a depth of several feet, 
and a small village located within it was swept away. When the river 
overflows this land and then gradually recedes there is a decidedly 
beneficial effect, but in periods of such high water as that of 1898 
large tracts of land are completely ruined by the deposit of coarse 
sand, which often aceumulates to a thiekness of several feet. On 
account of the small quantity of clay in this soil it drains readily for a 
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heavy loam, although it is necessary to háve open ditches at short 
intervals to carry off the surplus water during times of heavy rainf all. 
During the wet season these ditches become filled, and the soil is so 
thoroughly saturated that even slight showers bring the water table 
near the surf ace. 

The Arecibo silt loam has been f ormed bv the slow accumulations 
of sediments carried down f rom the interior mountain region by the 
river and deposited in comparatively quiet, shallow waters, when 
the land was depressed below sea level. The soil is the result of 
the superíicial weathering of this extensive deposit of silt, mixed 
with the vegetable matter that has accumulated from year to year 
from the growing of sugar cane. 

There is a phase of this soil occurring on the south side of the 
island which consists of about 36 inches of a dark gray silt loam. 
The areas in this part of the island háve been f ormed in the samé way 
as the more typical areas, but they are lower lying ánd are apt to be 
salty and unfit for the cultivation of sugar cane. In a f 3W instances, 
too, the subsoil was noticed to be slightly heavier than in the typical 
section. These areas are covered with mangroves and other salt- 
resisting trees and by coarse salt-marsh grasses and are ušed for pas- 
ture. Drainage and the reclamation from present alkali conditions, 
and in some cases the construction of a dike along the sea front to 
keep out the sea water at times of severe storms, would convert these 
areas into valuable sugar-cane lands. 

The Arecibo silt loam is the most valuable soil in the unirrigated 
district for the production of sugar, to which crop it is almost exclu- 
sively devoted, and the sugar industry that has developed on it 
during the last three hundred years is considered one of the most 
important on the island. The yield per acre ranges from 30 to 60 
tons, but the average is perhaps 40 tons. This yield is equaled only 
on the Ponce loam, which is an irrigated type, the cane from which 
has a higher sugar content. 

Tobacco is grown to a limited extent on the more sandy portions of 
this soil along the upper course of the river. The quality of the leaf 
is said to be very good, though not equal to that produced on the Vivi 
sandy loam. A yield of 800 pounds per acre is considered high, and 
the average yield does not far exceed 600 pounds per acre. 

Plantains and bananas do very well on this soil, but all crops are of 
minor importance at present in comparison with the great staple, sugar 
cane. 

Secords show that sugar cane has been grown on some of this land 
for more than three hundred years; and though the yields háve 
decreased, it is said that most of it is in excellent condition and sel- 
dom needs "resting," the method of recuperating the soils followed 
on the island. 
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TbÍ8 land commands a high price on aooount of tne large yield it 
produces, and practically none of it is for sále, as all of the large 
planters endeavor when possible to increase their own holdings. 

The silty character of this soil can readily be seen from the follow- 
ing mechanical analyses: 

Mechanical ctnalyses of Arecibo silt loam. 



No. 



6575 
6475 

6577 
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6476 
6576 



Locality. 
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S. of Ponce. 
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Rich dark - brown 
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inches. 

Dark idlty loam, 
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Rich dark silty 
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inches. 

Rich dark slity 
loam, 12 to 36 
inches. 
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ARECIBO 8ANDY LOAM. 



The Arecibo sandy loam consists of a heavy red sandy loam with a 
depth of 10 inches, underlain to a depth of 36 inches by a clay loam 
that is rather tenacious and yet contains a considerable amount of 
mediuin-grade sand. When cultivated it appears rather loamy on the 
surface, but when it has lain idle for some time and is covered with a 
growth of grass it becomes hard and baked, giving one the impression 
of a much heavier soil. 

It occupies some of the valleys occurring among the outlying lime- 
stone hills. These valleys are level or gently rolling, with elevations 
ranging from 30 to 100 feet above sea level, and are nearly all sur- 
rounded by hills posscssing soils of a decidedly different character. 
Onaccount of the sandy naturc of the soil it is naturally well drained. 
The Arecibo sandy loam has probably been derived from the wind- 
blown or beach sand mixed with the residual products of the surround- 
ing limestone hills. 

Usually the areas of this soil are settled by the poorer classes of 
people and ušed to a limited extent for growing truck, f ruit, and other 
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minor crops, such as besns, corn, sweet potatoes, and gondulee. Some 
tobacco is at prescnt grown, but it does not compare in quality with 
that grown on the alluvial soils in tho inountain districts. In thearea 
east of the river, in the vicinity of Santa Ana, some líght cropa of 
sugar canewere observed. Thissoilismuchbetteradapted to pasture, 
fruite, principál! y plantains, bananas, cocoanuts, and gardeD and truck 
crops than to auch crops as cane and tobacco. 

The following table containa the mechanical analyses of a typical 
sample of the soil and subsoil of this type: 

Mechanical analysa of Arecibo sondy loam , 
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Tbe Arecibo loam consists of a black, waxy, tenacioua loam to a 
depth of from 6 to 12 inches, depending somewhat on the characterof 
the surf ace where the soil is fórmed. East of Arecibo, near the oceán 
shore, this black loam has a depth of at least 12 inches, but on the 
rounded limcatone hills as well as in the large area south of Esperanza 
the soíls are shallower and contain a large numbcr of f ragments of the 
parent limestone. The subsoil is a tenacioua yellow loam, which in ite 
lower depth s becomes more sandy and contains increasing amounts of 
loose limestone fragments. In the large area south of Esperanza the 
subsoil passcs at about an average depth of 18 inches into a rotten 
mass of limestone fragments. In the large areu lying along the coast 
westof Arecibo tho soil is shallow, underlain by broken limestone, 
and with fragments of the parent rock scattercd thickly on the sur- 
face. The area of this soil found east of the Arecibo River, which is 
probably in a better statě of cultívation and of greatcr agricultura! 
value than any of the others, bas a level or gently rolling surface. 
West of Arecibo the surface is also rolling, and the elevation ranges 
from 50 to 150 feet above sea level. South of Esperanza and in a 
shnila r area east of the Arecibo River tho surface is rough and broken 
and elevated several hundred feet above tbe sea. In these latter areas 



the Hurťace ia eo rough and irregukr tbat the soil can not be utilized 
to any great extent in the ciiltivation of the ordinary cropa. 

From the tenacioua character of the materiál forming this soil a 
swampy condition ia found wherever the aurface ia Dot hilly oř 
uueven. East of the Arecibo Kiver, near the ahore, many small 
awamps occupy the slight depressiona, and aomewhat similar occur- 
rences are met with along the trails in the rough broken areaa farther 
soutb, which during the wet season become well-nigh impassable. 

Near the seacoast this soil haa been derived from a soft gray lime- 
stone of comparatively recent geologie age. Farther north, ia the 
limestone hill country, it ia derived from the chalky white limestone 
of Miocene age. The latter ia frequently spoken of as coral lime- 
stone on acoomtt of the groat number of coral heada found in it. 

This Boil type is apoken of as "fatland." It ia well adaptedto pas- 
turage, and in all areaa, except where the hills are rough and rocky, 
ia always covered with a thick mat of rich, green graas. A smáli 
amount of tobacco ia growo on this soil. No attempt, however, at 
growing tobacco on a large scale, has been made, and it remains to be 
seen whether extensive tobacco growing can be profitably carried on. 
Fruits do fairly well, aad in the more hilly portions, where the soil is 
deep, a few orange trees were in fair condition. Where the soil is 
shallow and rests on solid rock the growing of orangea on a commer- 
cial scale should not be attempted. Bananas, plaintains, and coffee, 
together with gondules, sweet potatoes, and the minor produco crops, 
are raised to a considerable extent, but always in small patches and 
with nevěr any attempt at cultivation on a largo scale. 

The mechanical analyaea of repreaentativc samples of this soil type 
aregiveu below: 

Mf.hanical analytes of Arrciltti Umm. 
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ALONSO CLAY. 



The Alonso clay consists of a dark, purplish clay loam, having a 
depth of from 8 to 36 inches and containing a varying ainount of 
pebbles and sometimes large bowlders. Where the soil is deepest there 
is a tendency to become more clayey with depth. The subsoil is a 
heavy tenacious loam of the samé color as the soil, resting on a pur- 
plish igneous rock of the characteť commonly called trap rock. In 
some areas the underlying rock comes to within 15 inches of the sur- 
face. The soil has a tendency to form clods when cultivated and to 
bake upon drying. 

Three different areas of this type occur within the limits of the sur- 
vey. The largest lies along the Limon and Arecibo rivers, the next 
in extent about 10 miles southeast of Ad jun tas, and the third about 4 
miles to the southwest of that city. 

The Alonso clay is a residual soil aerived from the disintegration 
and decomposition of a dark, purple-colored igneous rock. Fragments 
of this rock are of ten f ound in the soil and subsoil. Frequently these 
fragments occur as bowlders. These are of the interesting form known 
to geologista as "bowlders of disintegration," which are believed to 
be formed from solid blocks of rock by the process of weathering in 
concentric rings. 

There is a wide difference in the agricultural value of the different 
areas of this soil. The area along the Limon and Arecibo rivers is at 
present ušed mainly for pasturage, while the area between Adjuntas 
and Ponce is f ound upon steep slopes and is shallow, and with the scanty 
rainfall is of little value. In a f ew favored placcs bananas, plantains, 
and coffee are produced. The smallest area, that lying southwest of 
Adjuntas, is the most important agriculturally. The soil is deep and 
fertile. A large part of the area is in coffee and the trees appear to 
be healthy and vigorous. The yield reaches 400 pounds of dried coffee 
per acre, which is not exceeded by any soil type in the area and is 
equaled only by the Adjuntas clay. Orange trees of large size are 
also seen, and these are for the most part free from diseases or scale. 
With the exception of sonie orange trees on the Adjuntas clay, those 
on this soil were the best seen in the area. Bananas and plantains are 
also important crops on this soil. The yield ranges from 50 to 200 
bunches per acre, but the bunches are not so large as on the lowlands. 
The soil of the large area on the Limon and Arecibo rivers appeared 
very similar to the soil of the tobacco lands of Cayey, and while no 
attempt to grow tobacco has been made it would seem that the soil 
is well adapted to that crop. 



The following table gives the mechanical anály ses of tbe soil and 
Bubsoil of this soil type: 
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The Utuado loam consists of a mellow darfe-brown or yellow loam, 
having an average depth of 8 inches. The soil is generally free from 
stones and is underlain by loamy subsoil, yellow in color and differing 
slightly in textuře from the surface soil. 

The type occupíes the low, rounded slopes along the Arecibo Eiver 
and the rolling, mountainous land a short distance south of Utuado. It 
ranges in elevation from 100 to 1,200 feet above sea level. The soil 
is residual, having been derived from the slow decomposition of vol- 
canic and igneous rocks. 

The greater portion of this soil is ušed as pasture land, for which it 
serveš fairly weil. In some favored places coffee is grown, and the 
trees were apparently in a healthy condition. On the protected slopes 
and under proper condition of shade the eultivation of this crop might 
be profitably carried on, for the soil is deep and loamy and easily 
penetrated by roots. 

The mechanical analyaea of the aoil and subsoil of this type are given 
below. 
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Mechanioal analyse* of Utuado loam. 
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UTUADO BANDY LOAM. 



The Utuado sandy loam is a coarse sandy loam of a grayish-yellow 
color, grading into a grayish sandy loam. This gradually passes into 
the coarse r materiál of the underlying granite and other rocks from 
which it is derived. 

But one body of this soil is found in the area surveyed, and this 
occurs in the mountainous region about Utuado. The town is situated 
in the northwestern part of this tract, which stretches about 5 miles 
south and east and passes beyond the limits of the survey. 

The surface of the Utuado sandy loam consists of f urrowed and gul- 
lied hills and mountains. These háve an elevation ranging up to 200 
feet above the intervening V-shaped valleys. In few of the soils 
mapped in this survey has erosion been carried on to so great an 
extent as is seen in this formation. When the sun is shining on the 
mountain slopes in such a manner as to accent their eroded character, 
they are seen to consist of almost an endless series of narrow necks 
and tongues, which rise to higher necks and tongues until the main 
dividing ridge is reached. These connecting necks are very narrow, 
and the intervening slopes are in places inclined at an angle of more 
than 50°. The trails which cross the ridges f ollow these necks of land, 
and in many cascs so narrow are they that the road must be propped 
up by posts and small tree trunks to prevent its being washed away by 
the heavy, dashing rains. 

On account of the steepness of the slopes these soils are compara- 
tively dry, even in periods of excessive rainfall. In fact, the drainage 
is so thorough and so rapid that a short period of drought is liable to 
injure the crops. At the time of the survey crops of beans, corn, and 
sweet potatoes were suffering for rain, although but two weeks had 
elapsed since the soil had been thoroughly drenched. 

This soil is residual, being derived from an underlying coarse- 
grained gray giunite and similar igneous rocks. So rapid is the ero- 
sion that the surface soil does not accumulate and become thoroughly 
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decomposed; hence it bears a cloně resemblance to tbe rocks from which 
it is derived. The sand which forms the greater part of this soil is 
coarse and angular, being madc up largely of quartz graips and unde- 
composed feldspar. 

The Utuado sandy loam has little natural fertility, which is soon 
exhausted by the preaent methods of farming. A few coffeo planta- 
tions tie in tbe area, and tbe treea in favored locations appear to be 
thrifty, but on account of its shaliowness and its coarse, sandy textuře 
this soil type is not well suited to coffee culture. Sweet potatoes, 
beans, corn, and other minor aubsistencc crops are grown in the area, 
but not to a great extent. In some places these crops are aeen grow- 
ing on slopes of an angle of inclination exceeding 50°, but such loca- 
tions are too dry to produce good crops, aside from the difficulty of 
culti vation and the damage from soil washing and landslides. 

The area of this soil has for some time been deforested and is now 
grown up with a coarse grass, dosely resembling the broom sedge 
commonly found in the Southern Atlantic States. On account of tbe 
steepness of the slopes and the rapid rate at which erosion takés pláce 
this soil should not be cultivated to any great extent to crops that 
exposé the boíI to tbe heavy rains of the wet season. It would seem 
that if systematic forestry were introduced much of the area which is 
now idle waste land ínight be converted into valuable tímber land. 

The following table ahows the sandy nature of these soils: 

Mechanical analyse* of Utuado fandy loam. 
[Fine earth.] 
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The Vivi sandy loam consists of a f riable brown sandy loam, having 
an average depth of 10 inches and underlain by a darker-colored sandy 
loam of a peculiar soft textuře. This soil resembles in a way the 
Utuado sandy loam, being madc up of much tbe samé character of 
materiál, reworked and ground finer by water actíon. In some ureas 
a slight variatiou in textuře occurs, the soil losing its loamy character 
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and becoming a fine, mellow sand. In other areas the subsoil is 
slightly heavier than in the typical sections. 

This type is found only to a limited extent. The largest and most 
important area lies along the Arecibo River west of Utuado, while 
smaller scattered areas occur in small valleys to the southwest of that 
town. The latter areas are usually surrounded by mountains that rise 
to a height of 1,000 feet above sea level. The position of this type 
makes it subject to occasional overflow during tho rainy season, and 
loss of crops sometimes occurs f rom this cause. The surface is usually 
level, although there were noticed some well-defined terraces a few 
feet high sloping up toward the mountains. The soil has been f ormed 
by wash f rom the hillsides and by the deposition of sediment by the 
streams along which it occurs. 

This soil type is more f ertile and possesses a much higher agricul- 
tural value than the Utuado sandy loam. It is ušed to some extent 
for the production of sugar cane, which yields f rom 10 to 20 tons per 
ocre, and a part of it is kept in pasture. The main value of this land, 
however, is its adaptability for growing a superior type of cigár 
wrapper and filler tobacco. For this crop the Vivi sandy loam holds 
first pláce among the soils of the area. The areas in the higher moun- 
tain valleys are said to be very similar in character of soil and their 
relation to drainage and climatic conditions to the valuable tobacco 
soils about Comeiro. The yield of tobacco on the Vivi sandy loam 
ranges f rom 600 to 800 pounds per acre. The tobacco industry around 
Ctuado is being developed principally on this soil. 

The f ollowing table shows the mechanical analyses of representative 
samples from the bottom lands near Utuado: 

Mechanical analyses of Vivi sandy loam. 
[Fine earth.] 
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ADJUNTAS CLAY. 

The Adjuntas clay, locally known as " the red-clay land," is a pink, 
red, or dark-brown clay 3 to 8 inches deep, underlain by a red or pink 
clay subsoil 20 inches or more in depth. In some areas landslides and 
road cuts show thc soil covering to be as much as 15 feet in thickness, 
grading into the decomposed volcanic and igneous rock which under- 
lies the whole area. The difference in color is due to the statě of 
weathering and the presence of more or lcss vegetable matter in the 
soil, the darker brownish soils being found chiefly in the virgin lands 
or at the base of thc slopes where there has been an accumulation of 
humus in the washings. 

This soil type occupies one very large area around Adjuntas, ex- 
tending across the area surveyed from east to west and lying along 
the western boundary for some distance north of Utuado. There are 
also two small areas northeast of the latter town. 

The topography of the Adjuntas clay is rough and mountainous, 
with many steep slopes and deep, narrow valleys. There is therefore 
much less troubíc from lack of drainage than from the washing of the 
soil. Under the torrential downpourof tropical storms the erosion is 
very severe, and great care has to be ušed in the handling of this soil 
in the exposed situations. 

In origin this soil is residual, being formed by the breaking down 
and decay of the igneous and volcanic rocks that form the backbone 
of the island. This disintcgration has taken pláce to consideráble 
depths, as shown by the soil mantle, in some places reaching a depth 
of 15 feet, the rock often showing decay beneath this. 

The Adjuntas clay is next in importance to the valuable sugar lands 
of the coastal plain region, being the principál soil upon which coffee 
is grown. The y ield upon the richest lands — those containing the most 
humus — reaches 400 pounds of the dried beán per acre. The product 
on this soil type is also the best in the area, the price for the better 
grades being $3 per 100 pounds higher than for the coffee grown on 
the Tanama stony loam, for instance. Many coffee estates are located 
in this area, some of which háve large tracts under cultivation. The 
majority of owners, however, were left in such poor circumstances as 
a result of the hurricane of 1898 that they háve been unable to replant 
or to keep up their estates. In many cases the ferns and vineš navě 
completely covered the few remaining trees. 

Throughout the area a few wellregulated estates show what can be 
doně with care, but only persons with means, who can put estates in good 
condition and wait for returns until the trees come into full beanng, 
can expect to make much of a success in the cultivation of this crop at 
the pre9ent prices. 

Several of the coffee estates háve orange trees here and there among 
the coffee trees and along the trails. They are usually of fair size, 
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well laděn with f ruit, and superior to the trees seen in any other local- 
ity in the area, with the exception of those found on the area of Alonso 
clay to the southwest of Ad jun tas. 

On the completion of the military road, giving good and easy com- 
munication with Arecibo and Ponce, the Adjuntas clay adjacent to the 
main road will undoubtedly oflfer some of the best opportunities for 
citrus f ruit cultivation to be found in the area. Large quantities of 
bananas, plantains, Yantia, and malanga are grown to supply the labor- 
ers of coffee estates and the people of the south side of the island, 
where it is in many places too dry for the cultivation of these food 
crope. 

The following table shows the mechanical analyses of samples of 
Adjuntas clay: 

Mechanical analyses of Adjuntas clay. 
[Fine enrth.] 
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PORTUGUES ADOBE. 



The Portugues adobe is a heavy dark-brown loam resembling adobe, 
nnderlain by materiál of a somewhat similar character, but of a lighter 
color, which gradually grades into a light yellow as the depth increases. 
The soil is formed from the decomposition of limestonc, a few f rag- 
ments of which occur in some areas. These are a more prominent 
feature of the area west of Ponce, where a light-colored phase of this 
type oceurs. Owing to its heavy, plastic textuře, the soil is very dif- 
ficult to till. 

The Portugues adobe oceurs only on the south or semiarid side of 
the island, in a number of areas of regular outlines. It oceupies val- 
leys and gentle slopes in the limestone hill region, partly above pres- 
ent irrigation systems. The greater part of the higher-lying areas áre 
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very uneven, so that even if water could l>c brought to this lovel irri- 
gation would be a costly opcration. 

Previously to the hurricane of 1898, which destroyed many mills 
and cane fields, leaving sonie of the planters in such circumstances that 
they were unablc to rebuild their mills oř replant their fields, the lands 
undcr irrigation were mostly devoted to cane. Since that time, how- 
ever, these lands for the greater part háve been ušed for pasture, to 
which use the lands above irrigation háve always been put. They are 
now being gradually replanted, and it is only a question of time when 
they will once more be cane fields. With sufficient moisture, good 
crops are raised, the cane carrying a high per cent of sugar. This 
soil ranks fourth of the soils of the area, and third of the irrigated 
soils, in the production of cane. The yield varies from 15 to 30 tons 
per acre. 

Tobacco is also grown on this type. The quality is said to be very 
good. The leaf is ušed chiefly for the manufacture of cigarettes. 
One field of about 30 acres was seen on the light-colored phase of soil 
west of Ponce. This was undcr irrigation and had been planted to 
tobacco for the last three years. Several crops were harvested from 
each planting, and the leaf secured was of a type suitable for cigár 
wrappers and fillers. The proprietor of this tract said he should 
abandon the growing of tobacco with the end of the present season 
and put the land again in sugar cane. 

Bananas are also grown on this type, and where the land is level 
enough to permit irrigation and the supply of water plentiful the 
yields are very satisfactory. As many as 700 bunches háve been gath- 
ered from 1 acre in a single year. 

The following table shows the textuře of typical samples of the soil 
and subsoil of this soil type: 

Mechanical analyse* of Portuguen adobe. 
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The soil of the Portugues stony lomu i.s a dtirn. loam of an average 
depíh of 14 inches. Intermingled with the finc materiál is from 20 to 
60 per cent of angular stones, the wliole resting on a bed of fragmente 
of partly decomposed volcanic and igneotis rock. The dcpth of the 
roil mantle vartes greatly, being shallowon thehillsand wtceper slopes 
and much deeper along the northern and southern bordcrs of the area, 
where, too, the content of rock fragmente is lowest. This variation 
Ls due a 1 most wholly to erosion, though the greater depth in the north 
may be due in part to the more rapid breaking down of the paront 
rock under the influence of heavier rainfall. Along the northern edge 
of the area the soil becomes of a lighter color and grades into the 
Adjuntas clay. 

The Portugues stony loam oceupies a single large area between the 
soils of the south coast limestone hills and the Adjuntas clay of the 
higher altittides. The surface of the greater part of the area is rough, 
hilly, or semimountainous, and characterized by many steep slopes. 
The hills become more lounded in the southern parts of the area. 

This soil is residual, being derived from the weathering of volcanic 
and igneous rocks. Judging from the depth of the soil, notwithstand- 
ing the known exeessive removal of soil by washing, the rate of weath- 
ering must be comparatively rapid. The soil does not rest upon freyh 
rock, as in the limestone regions, but passes by degrees through a 
broken mass of partly disintegrated rock to the solid rock bed below. 

In the southern part this soil is devoted largely to stock raising, 
while in the northern part bananas and plantains are raised in consid- 
etable quantities, and some coffee estates, not in the best condition 
nor yielding very well, are found in the more favorable sítuations. 
Nowhere else on this soil is coffee culture so successfully carried on. 
In some of the deeper soils of the southern border of the type sugar 
mills háve been built and cane planted; but it has been found that the 
rainfaHisinsufGcientfortheprontableprosecutionof this industry and 
stock raising has been substituted by the owners of these plantations. 

The followíng table gives the mechanical analyses of this soil: 

Mechanicol analtin:*- uf !'<:rtuijiu:* tlimii Imim. 
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PKNUELA8 ADOBE. 



The Penuelas adobe is a brown loam having the characteristics of 
au adobe soil, an average depth of 13 inches, and resting directly 
upon a mass of disintegrated volcanic tufa. The soil is heavy and 
plastic when wet and is difficult to till, and when dry it bakes and 
cracks. This type is found only in one area, which, however, is of 
considerable extent. covering the hills and slopes around the town of 
Penuelas. 

Because of the prevalence of drought in this part of the island this 
type is ušed for little except pasture. During the wet season a good 
covering of grass is produced. Bananas and plantains are found, but 
only in exceptionally favored positions, where there is sufficient mois- 
ture, do they amount to anything. 



Mechanical analyse* of Penuelas adobe. 
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Pastillo loam is a loam soil 4 to 30 inches in depth, but over much 
of the area nearer the minimum depth. The color shows a wide varia- 
tion, ranging from almost chalky white to a reddish brown and blaek. 
The soil reste directly on limestone rock, of which it contains many 
fragmonts. 

This type oecurs in one large and three smaller areas on the south 
side of the island, the greatest extent being west of Ponce. The sur- 
face is gentiV rolling. It covers limestone hills of rounded contour 
and easy slopes. 

The soil is of little agricultural value. In a few spots where the soil 
is deepest there are a few areas cleared and planted in Guinea grass, 
which is ušed for pasture or eut for hay. The remainder of the area 
is covered with a growth of brush which in some places is very dense 
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and f rom 10 to 15 f eet in height, f urnishing a small amount of fire- 
wood and perhaps some browsing for cattle. Wero the hills f ree f rom 
this growth they would undoubtedty producc much more grass than 
at present; still, it is very doubtful if the return woiild pay for the cost 
of clearing, for over the greater portion of the area the soil is too 
shallow to support more than a short growth of grass and that only 
during the wet season. 

The folio wing table gives the mechanical anály ses of this soil: 



Mechanical anály ses of PastiUo loam. 
[Fine earth.] 
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PONCE LOAM. 



The Ponce loam is a dark-brown alluvial loam, at least tt feet deep, 
underlain by materiál of the samé or perhaps slightly heavier charac- 
tcr. The soil is somewhat heavier than the Ponce sandy loam, is 
harder to cultivate, and is apt to clod and bake unless stirred when in 
just the proper condition. It is a strong, durabjc soil. 

Two relatively small areas are found within the limits of the survey, 
the smaller situated southwest of and near Ponce and the larger south- 
east of that city. The surface of this type is nearly level, the slope 
being slight toward the sputh. Traversing this plain are shallow 
depressions, marking former courses of the river. These low spots 
were at one time covered with a heavy growth of swamp vegetation, 
and as a result the soil is rich in humus. 

The soil being very heavy, the drainagc is poor, except where the 
surface is more sloping. Artificial drainage of the depressions was 
necessary before they could be cultivated. 

A small area near Ponce is planted in Guinea grass, large crops of 
which are eut several times each year. The remainder of this type is 
cultivated to sugar cane with the aid of irrigation. The yield per acre 
ranges f rom 35 to 40 tons per acre, and is equaled by only one other 
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soil in the area — the Areoibo silt loam. As regards sugar content, the 
produet of the Ponce loam is the first in the area. On some of this 
land sugar cano has been cut annually for a great number of years, and 
the rate of yield and the fertility of the soil has decreased as a result, 
though the yield probably averages twice that of the Southern United 
States. 

The following table gives a meehanical analysis of this soil: 

Meehanical analyttis of Ponce loam. 
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PONCE BANDY LOAM. 



The soil of the Ponce sandy loam consists of a dark-brown sandy 
loam of fairly uniform textuře, varying in depth f rom 2 feet to perhaps 
10 or 12 feet. ' This is underlain by materiál of much the samé char- 
acter, varying slightly, being heavier than the surface soil in some 
places and lighter in others. A lightphase alsooccurs along the river 
courses, where the surface soil is quite sandy and contains a few peb- 
bles. In one or two places gravel was found scattered about on the 
surface or deposited in sinali channels eut in the soil. However, 
these variations were of little importance. This type oceupies the 
level playa plain on the south side of the island, representing the 
flood plains of Tallaboa, Mayaguez, Portugues, and Bucana rivers and 
their tributaries. The plain has a moderate slope toward the oceán, 
but its surface is somewhat uneven and broken because of the shifting 
of the rivers, which háve wandered to. and f ro over it. 

It follows that this soil is of alluvial origin, the materiál of which it 
is formed being the finer particles of sediment borne by the rivers 
during floods from the hills and mountains farther back from thecoast. 
The uniformity of textuře and the fineness of the particles are due to 
the distance from the source of erosion and to the slower currents of 
the streams in this part of their courses. 

There are two smál l bodies of a stony phase of this soil found in the 
area surveyed. These oceur as narrow strips extending short dis- 
tances along the Portugues and Tallaboa rivers, to which streams the 
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formation is due. The materiál is the coarse alluvium, consisting of 
loam, sand, and gravel brought down by the rivers from themountains 
during the flood season and deposited as the streams adjust them- 
selves to the more gentle slopes of "the valleys. 

Sugar cane is the principál product grown on the Ponce sandy loam, 
irrigation of course being necessary. The yield is not so large as on 
the Ponce loam or the Arecibo silt loam, averaging from 30 to 35 tons 
per acre, or about 5 tons less than the yield of the two leading cane 
soils of the area. The sugar content is higher in the Ponce sandy 
loam, while the yield isalmost if not quite equal to that of the Arecibo 
silt loam. The cane is grown j r ear after year on the samé fields, and 
there is a slight decrease in the yield from year to year. 

Guinea grass is the crop next to cane in importance. Large fields 
in and around Ponce are devoted to its cultivation to supply the f orage 
demand of the city. The grass is cut green, tied in bundles, and 
delivered fresh to the consumer each day. Like alfalfa, as soon as cut 
Guinea grass begins to grow again, and where sufficient water is f ur- 
nished a large yield is cut several times during the year. Shade is 
supposed to increase the growth, and in the best fields mocha and other 
trees háve been planted for this purpose. 

Around several of the cane plantations fields of bananas, ranging 
from small patches up to 10 acres in extent, are planted, principally 
to supply the laborers with the fruit. The trees in these fields are 
very large and well loaded with fruit and this soil no doubt gives 
by far the largest returns per acre of any land in the area. A f ew 
cocoanuts are grown along the plantation boundaries, roads, and 
ditches, and in the latter places particularly the nuts are large and 
the yield very high — probably even higher than on the coral sands. 
A yield of 700 bunches of bananas per acre in one year has been grown 
on this soil. Sugar cane is now the great staple crop upon this soil 
type, and while it is very productive when cultivated in bananas and 
cocoanuts it is doubtful if it should be ušed in the commercial pro- 
duction of these crops as long as cheaper lands nearty as good for the 
purpose are obtainable. No attempt has been made to grow the citrus 
fruits on this type, but it is believed that with irrigation oranges and 
lemons would do exceptionally well. 

A few attempts háve been made to farm the stony phase of this soil 
to cane, but it seems these háve not been profitable and all of the soil is 
at present ušed for pasture. A few cocoanut trees are also grown, 
but on account of the lack of moisture the yield is very light. 

The table on the following page shows the textuře of the soil and 
subsoil of this soil type. 
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Mechanical analyse* of Ponce sondy loam. 
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6568 


2 milec W. i mile 
N. of Ponce. 


Light-brown sandy 
1 o am , to 14 
inches. 


2.30 


0.52 


1.30 


2.64 


24.40 


23.76 


39.26 
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Dark-brown loam, 
14 to 36 inches. 
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Tr. 
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13.50 
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TANAMA STONY LOAM. 



The area mapped as the Tanama stony loam represents a group of 
soil conditions rather than one particular soil type. The prevailing 
type, however, consists of a red clay, generally shallow — only 2 oř 3 
inches deep — but f requently having a depth of several f eet. The soil 
contains from 30 to 60 per cent of angular limestone fragments. 
Where the soil is more than a few inches deep the clay content 
increases considerably in the lower depths. Beneath the shallow cov- 
ering of soil occur masses of broken. limestone, oř more often lime- 
stone in pláce. Usually the red clay is fpund to a greater extent on 
the upper slopes of the rough and broken land, but often one can 
tra vel for miles and find the red clay not only on the slopes but also 
in the small local bottoms or depressions. The soil is soft and 
unctuous, containing no noticeable particles of sand or any other than 
clay materiál. 

Closely related to the red-clay areas are small areas of black adobe- 
likc loam, which are interspersed throughout the area occupied by this 
formation. This loam is identical in almost every respect with the 
soil which has been described as Arecibo loam. In the small areas the 
depth of this black, tenacious loam rarely exceeds 6 inches, beneath 
which lies a shallow brown and occasionally red loam. The areas of 
this black loam are for the most part small, and although they some- 
times occur on the higher slopes and on the crests of thehills, more f re- 
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quently they are found on the lower slopes and in the depressions 
between the hills, wherever there is an accumuiution of organic mat- 
ter. Frequently in the small depressions swempy conditions prevail 
and cultivation is impossible. Where the drainage was still further 
obstructed the depressions contain small ponds. 

In many places rock walls, with perf ectly J>are surfaces, f rom a f ew 
feet to more than 150 f eet in height were observed. Occasionally a 
bush oř shrab may be seen clinging to sorae crevice, but in most cases 
the rocks are devoid of vegetation, except, perhaps, the overhanging 
roots of trees or shrubs growing on the ledge above and the long 
vineš which extend to the bottom of the cliff. Frequently on the 
crests of the hills, where there is only a slight soil covering, the lime- 
stone is so porous and open and the conditions of heat so favorable 
that many plants and trees and even a thick covering of grasses find a 
footing on what might be termed the bare rock surfaces. Of ten small, 
angular hills, rarely exceeding more than a few acres in extent and 
from 100 to 200 feet in height, from which the thickly matted jungle 
of trees and underbrush had been removed, were seen supporting a 
thick growth of long grass. A caref ul examination of some of these 
hills failed to reveal any soil covering whatever. (See PÍ. III.) 

The principál area occupied by the Tanama stony loam is situated 
on each side of the Arecibo River, commencing 4 miles south of Are- 
cibo and extending to the junction of the Limon and Caguantas rivers 
with the Arecibo. It covers the greater portion of the area described 
in the physiography under the name of eroded limestone plateau or 
foothill region which lies to the north of the centrál mountainous 
region. At the southern extremity of this soil formation the hills 
range in elevation from 100 to 200 feet, from which they gradually 
rise to the southward until, along the line of contact with the moun- 
tains, they attain an elevation of nearly 1,000 feet above sea level. 
This region was undoubtedly at one Jtime a continuous table-land slop- 
ing gradually seaward. It is now so pitted and broken that its once 
level character can only be realized by viewing it from the top of one 
of the surrounding hills. Although the hills attain a height of 1,000 
feet along the southern edge, the difference in elevation of the summit 
of the hills and of the bottom of the intervening pits seldom exceeds 
500 feet. Along the northern and southern boundaries of this soil 
area the intervening valleys are frequently larger than in the centrál 
portion, wbere the hills are more dosely packed together. Travel on 
the narrow and winding trails that cross the greater portion of this 
area is exceedingly slow and laborious. 

This region is drained almost entirely by underground streams. 
Only the Arecibo and Tanama rivers cross it, flowing through deeply 
eut canyons. Nearly all of the depressions háve holes in them which 
serve as outlets for the heavy rainfall or for the water from the springs 
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which are frequently found on their southern side. When the under- 
ground streams becomc clogged, the swampy condition previously men- 
tioned arises and in some cases the water accumulates to a depth of 
several feet. 

This soil type has been formed f rom the hard and soft layers of the 
chalky white limestone of Miocene age. The soil is residual and rep- 
resents only the insoluble parts of the limestone after it has been 
thoroughly deeomposed and leached by the abundant rainfall. Disin- 
tegration plays but little part in the formation of this soil, for the 
broken fragments of scattered rock through the soil show few traces 
of disintegration, but are eomparatively fresh and solid. That the 
erosion of this area has been brought about bv solution is readilv seen 
when one eonsiders that nearly all of the rainfall flows away to the sea 
by underground streams and observes that the region is fairly honey- 
combetl in almost everv direction by numberless caverns. 

Ovcr the greator part of the area bananas and plantains forin the 
leading crops. Yantia, sweet potatoes, gondules, and melanga and 
other rninor produce crops are grown to a considerable extent. Coffee 
is cultivated, but the greater part of this soil is too stony to allow the 
coffee roots to becorae well developed. The best coffee is grown in the 
southern part of the area, but it is inferior in quality to coffee grown 
on the Adjuntas clay, particularly in the higher altitudes, bringing 
about $3 less per 100 pounds. It is frequently the čase that the small 
areas on the angular hills, where almost nothing can be seen but a 
mass of blocks of white limestone, are selected for tobacco, and it is 
said that these are more favorable situations for this crop than the 
lower slopes, where deeper soils are usually found. Possibly in such 
localities the conditions of light andwarmth are more favorable to the 
rapid maturing of this plant, for the roeks absorb the heat from the 
sunshine during the dav and remain quitc warm during the night. It 
is only with abundant dew and f requent showers that a crop of any 
character can be raised in such unfavorablc situations. The quality of 
the loaf is said to be verv good. A sweet, well-flavored orange is grown 
on this soil, and the trees noticed seemed to be in fairly good condition. 

Undoubtedlv the red clavs and black loams are fertile soils, but 
the rough, broken character of the country is decidedly against any 
great agricultural development in these regions. The trails are so 
difficult that transportation of large quantities of any product will 
always be a serious problém. At present all the products of this 
region are either carried on the heads or shoulders of the peons or on 
the backs of the small, hardy horses and mules that are raised on the 
islands. With the exception of the military road between Arecibo and 
Utuado, nothing but rough, winding trails (and only a limited n um ber 
of these) traverse the area. 

The table on the f ollowing page shows the textuře of typical samples 
of the red clay and black loam soils of this area. 
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No. 



Loeality. 



Mechanical ancUyses of Tanama stony loam. 

[Fine carth.] 



Description. 



648* 5 mil es NE. of Rich. black, teiia- 
Utuado. eious loam, to ti 

| inches. 

6480 5 miles S. of Are- Clay loam, to 10 
cibo. inches. 

6489 5 mi les NE. of Stiff red clay, to 

Utuado. ! 8 inches. 

64*7 Subsoil of 6486 Stiff red clay, 10 to 

30 inches. 

6490 Subsoil of 6489 Stiff red clay, 8 to 

, 24 inches. 
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WATER SUPPLY FOR IRRIGATION. 

Irrigation on the north side of the island is only nccessary in the 
cane fields in the dry seasons. The application of water during this 
period undoubtedly increases the growth of young plants and keeps 
the mature cane in a better condition for grinding, and there is an 
abundant water supply in the Arecibo River which can be made avail- 
able for irrigation at very little cost. 

On the south side of the island much of the arid land lies high up 
in the mountains or on the tops of the limestone foothills, and is 
unirrigable on account of its position. Within the area surveyed all 
of the available river water during the dry season is now ušed for 
irrigation. Thi.s supply, however, is inadcquate, much of the young 
and some of the old cane showing the effect of drought. The supply 
should be supplemented by pumping from driven wells. This mothod 
has not as yet been attempted, but there are indications that driven 
wells would reach a good supply of water at modcrate depths. The 
character of the water now ušed in irrigation is excellent. 

The best quality of cane and the largest yields of this product, of 
bananas, plantains, and Guinea grass produced in the area, are obtained 
from the irrigated lands about Ponce, and with cnlarged and perfocted 
irrigation systems, so that the supply of water need nevěr bo short, 
not only will the acrsage of cultivated land be extended, but the aver- 
age yields will be materially increased. 

UNDERGROUND WATER AND DRAINAGE. 

During the wet months the level sugar lands of the north side are 
to a certain extent affected by the rising of the water table, which at 
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that time comes to within a very slight distance of the surface of the 
ground. This, if not injurious to the growth of the cane, at least 
lowers the sugar content. The water table can be controlled by drain- 
age, and is in a measure so controlled. This is generally doně by 
means of open ditches which divide the field into many small tracts, 
thus interfering more oř less with cultivation. Tile drains for carry- 
ing the surplus water otf underground would be a great improvement 
ovcr the present method. 

There are several areas of swamp and other lands that are at 
present covered with water, oř are too wet to permit of cultivation, 
which can be turned into valuable cane lands by droinage. In some 
places, on account of the slight elevation, the fall would not be ade- 
quate to keep the drains dry, and pumping plants would therefore 
háve to be installed to move the water. It is doubtf ul if the profits 
to be made at present in the culture of sugar cane — the crop best 
adapted to such land — would pa} r for the reclamation of the less ad van- 
tageously situated of these wet lands. 

ALKALI IN SOILS. 

Very little of the soil of the area was found to be alkaline, and all 
affected areas, with the exception of a strip along the Tiburones Canal, 
occur on the south side of the island. The areas there are low lying, 
and can not be reclaimed by underdrainage except by the use of dikes 
and pumps. The sea is thought to be the chief source of the salt in 
this area. 

AORICULTURAL, METHODS. 

In generál, the agricultural methods of the island are primitive as 
compared with the methods in use in the United States. The imple- 
ments and machinery, except on some of the large sugar and coffee 
estates, are antiquated and do the work for which they are intended 
but imperfectl}\ In many of the districts wooden plows are still 
ušed to stir the ground, while the bulk of the othcr farm operations 
f alls upon the machete —a heavy sword or cutlass. 

The care of the soil as it is understood in this country — the main- 
tenance of its fertility by the addition of manures or fertilizers and 
the husbanding of its resources by the rotation of crops — is practically 
unknown in the island agriculture. The nearest approximation to 
this is allowing the land to " rest," i. e., throwing it out of cultiva- 
tion for a year or two. These lands are generally ušed as pastu re for 
the work oxen. 

It is needless to say that under such conditions the fertility of the 
soils háve greatly deteriorated. This is shown by comparing the 
present yield of the sugar-cane soil, which has perhaps been most 
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intensively cultivated, with the yield fifty oř one hundred years ago. 
The decline has been marked, and in all the island there is said to be 
but one exception to the generál rule — the cane lands of the tributary 
island of Vieques. Nevertheless it should be bornc in raind that the 
average product per acre in Porto Rico is about twice that of Louisiana, 
and that the eane grows from rattoons for f rom four to se ven years 
after planting, while in Louisiana the fields must be planted anew 
each year. 

To obtain some light upon the chemical nature of these Porto Rican 
soilrf a number of samples were analyzed in the laboratory aceording 
to the method of the Association of Official Agricultural Chemists, 
and from the data thus obtained the folio wing observations were made: 

The Ad jun tas clay runs high in alumina (A1 8 8 ) and iron (Fe 2 O s ), 
containing about 20 per cent of the f ormer and from 10 to 20 per cent 
of the latter substance, the iron running much higher in the subsoil 
than in the surface soil. The soil was rich in lime (CaO), containing 
about 0.5 per cent, and is apparently well supplied with nitrogen (N), 
containing about 0.15 per cent. It runs low in phosphoric acid 
(P 2 5 ), containing only about 0.03 per cent, and shows but traces of 
potash (K t O). In these latter two important plant foods this soil 
seems to be decidedly deficient. 

The Alonso clay was found to contain about 14 per cent of alumina 
and about the samé amount of iron oxide. It contains about 0.25 per 
cent of lime and more than three times this quantit} r of magnesia. It 
is well supplied with potash, about 0.6 per cent, and with nitrogen, 
about 0.12 per cent, and but fairly well with phosphoric acid, about 
0.08 per cent. 

The Pastillo loam contained about 2 per cent each of alumina and 
ferric oxide. It ran very high in lime, containing over 50 per cent of 
this substance. It was fairly well supplied with nitrogen, about 0.14 
per cent, but was low in potash, 0.15 per cent, and contained but little 
more than a trace of phosphoric acid. 

The Ponce sandy loam contains from 8 to 10 per cent of alumina 
and from 6 to 8 per cent of ferric oxide. It is well supplied with 
lime, from 2.5 to 5.5 per cent, and with potash, from 3 to 4.5 percent. 
It contains about 0.09 per cent of phosphoric acid, although one sam- 
ple examined ran as low as 0.03 per cent in this constituent. It seems 
fairly well supplied with nitrogen, containing about 0.12 per cent. 

The Portugues adobe contains about 9 per cent of alumina, 5 per 
cent of oxide of iron, and is rich in lime, from 12 to 10 per cent. Of 
potash about 0.4 per cent was found, of phosphoric acid about 0.2 per 
cent, and of nitrogen about 0.25 per cent. A sample of subsoil in this 
formation showed over 1 per cent of sulphuric acid (S0 3 ), probably 
combined for the most part as gypsum, but the surface soil to a depth 
of 17 inches taken at the samé spot showed but 0.03 per cent. 
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All these soils, excepting possibly the Alonso cla}*, are rieh in lime. 
While well supplied with magnesia, this soil constituent nevěr approxi- 
mates in amount the lime, except in the čase of the Alonso clay as 
cited above, and this fact is a notable characteristic of these Porto Rican 
soils, no matter what their origin may háve l>een. Excepting the 
Adjuntas clay, all the soils examined seemed to be well supplied with 
potash and fairly well with phosphoric acid. All may be considered 
as fairly well supplied with nitrogen, and under good eultural meth- 
ods crops should not suffer seriously for the lack of this important 
and expensi ve plant food. 

Coffee is the leading product of the island at large and of the dis- 
trict surveyed, though no statistics can be segregated for the f ractional 
part of the district of Arecibo and Ponce which the survey covers. 
The principál coffee districts are around Adjuntas and Utuado, and the 
soils best adapted to the cultivation of this crop are the Adjuntas clay, 
the Alonso clay (high area southwest of Adjuntas), and the Utuado 
loam. Tne northorn part of the large area of Portugues stony loam 
and the southern part of the even more extensive Tanama stony 
loam also produce some coffee. 

The method of cultivating this crop, which differs little in the differ- 
ent areas, is as follows: 

If the land is virgin, it is first cleared of trees and underbrush with 
the machete; then holes are dug, also with the machete, at the proper 
intervals, and the seedling trees are set out: or if the plantation is to 
be started from the seed, which is rarely the čase, these are pushed 
into the soil and covered. Before or at the time of setting out the 
trees plantain or banana slips are also put in here and thcre to fur- 
nish shade during the tirst five years' growth. Guava trees ure also 
set to furnish shade during the following years of growth. 

The coffee trees begin to bear a little the fourth year from pian ti ng„ 
but do not come into full bearing until the eighth' year. The life of 
the trec, if given good care, is from fifteen to twenty years. As at 
present grown the coffee plants are greatly overcrowded as well as 
overshaded. Tlie yield varies, the best managed estates gettir from 
200 to 400 pounds per acre. 

The harvesting is a laborious process, the berries being picked by 
hand as they ripen. The ripening of the berries is not uniform, and the 
plantations háve to be gone over by the pickers several times to com- 
plete the gathering of the crop. Men, women, and children do this 
work, for which, on some plantations, they are paid by the weight of 
the green berries picked — about 40 cents per 100 pounds. A man cdta 
gathe*;, where the trees are well filled with f ruit, perhaps 100 pounds 
a dav, but where the crop is poor or after the plantation has been 
gone over the amount is necessarily much smaller. Where wages are 
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paid 35 cents a day is about the average, and tbis not all in money, 
but part in supplies advanced by the stores. 

The coffee plantations are not cultivated. The situations are often 
very steep, and the roots of shrubs and vineš are depended upon to a 
great extent to hold the soil in pláce. The undergrowth is kept down 
with the inachete, and this generally constitutes the entire care. 

Af ter the gathering of the berry the preparation of the coffee for 
the market partakes rather more of the nature of inanufacture than 
agriculture. The methods employed on the island vary all the way 
from the use of the siraplest devices b} r the peons in the preparation of 
the few pounds they may gather from wild trees or filch from neigh- 
boring estates, through rudé machinery worked by water or horše 
power, to thelarge inills equipped with modern types of machinery and 
usualh r operated with steam cngines. Not to go into thedetails of the 
preparation of the coffee berry, the method consists of the removal of 
the pulp, the separation of the twin coffee grains, the drying and 
removal of the hulí which envelops these, and the grading, polishing, 
and coloring of the coffee beán. 

The coffee of Porto Rico goes almost entirely to Čuba, France, and 
i Spain, and the average price paid by the exporters in the coast towns 

is about 10 cents per pound. Up to the time of the American occupa- 
tion of the island little if any of this coffee came to the United States. 
It is said to be of a quality superior to the South and Central Ameri- 
can coffee, which practically monopolizes the United States market. 
The South American coffee brings a much lower price to the grower 
than the Porto Rican, but with closer trade relations established with 
this country doubtless Porto Rican coffee will soon find a pláce as a 
high-grade article in our market. 

On a few coffee estates small areas háve been fertilized with barnvard 
manure, coffee hulls, or guano. On gentle slopes the fertilizers were 
spread broadcast over the surface, while on the steep inclines it was 
dumped in piles and allowed to leach downhill, or put in holes about 
1 foot square and 1 foot deep between the plants. The latter method 
proved more satisfactory because of the less loss by washing. With 
heavy applications of the fertilizers the coffee plants are said to more 
\ than double their yields. 

In many of the caves which practically honeycomb the limestone 
portion of the island bat guano covers the floor in places to a depth of 
aeveral feet. There are thousands of tons of this guano thus safely 
stored away in the mountains. In some localities the guano is hauled 
out and delivered for $3 per ton. At this price it is cheap plant food 
and its use can be recommended. 

The preparation of the soil for sugar cane is more elaboráte than for 
coffee. The land is usually plowed three times (the heavier soijs four 
times) before the canes are set out. Ditches and drains are dug, and 
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the cane is set on the sides of ridges, with a drainage furrow between 
the ridges, the land being laid out in such a manner as to allow the alter- 
nation of the ridges and f urro ws f rom year to year. The erop is weeded 
usually four times, and this is followed by the operation called 4 * tbiev- 
ing, M i. e., pulling the lower blades of the cane and laying them between 
the rows, where they f orm a mulch and keep the weeds and grass f rom 
growing. This represents the course of cultivation in a newly planted 
field. The labor is somewhat less in subsequent years. The cane 
reproduees itself from rattoons, and can be profitably grown without 
replanting for from four to seven years, though it is thought annual 
planting, using the modern methods employed in Louisiana and Hawaii, 
would return even greater profite. 

In harvesting the cane is cut and hauled to the milí in ox carts, oř 
on sorae of the best equipped plantation3 steel tramways with portable 
extensions run between the fields and the milí. The transportation of 
the cane to the milí is a laborious and expensive process, and where the 
haul is long it often turns the scale from profit to loss. 

Fertilization of the sugar-cane lands is not commonly practiced, but 
experiments háve been tried on certain estates with success. It was 
f ound that 1 cubic foot of stable manure to the hill gave better results 
than 1 pound of guano, the effect being more noticeable in the vigor 
of the rattoons and the increased productiveness in the second year 
than in the yield from the planted cane. Liming the soil has also been 
tried and is said to give good results. 

The important sugar-cane soils are, in the order of preference, the 
Ponce loam (irrigated), Areeibo silt loam (un irrigated), Ponce sandy 
loam (irrigated), Portugues adobe (irrigated), and Vivi sandy loam 
(uniiTigatcd). Between the first two types there is not much choice, 
the higher sugar content of the product grown on the one about com- 
pensating for the higher yields on the other. 

The cultivation of tobacco follows more or less the methods employed 
in Čuba. The plants are transplanted from seed beds to the carefully 
preparod fields and givcn clean culture. The plants are budded, and 
a close watch is kept for the eggs and larva of the tobacco worm and 
other insect pests. Several crops are gathered from the samé field in 
a single season. 

While the methods of cultivation and curing are in many ways simi- 
lar to those employed in Čuba, the Porto Rican grower is not gener- 
ally as skillful as the Cuban. The industry has not reached as high a 
statě of development as it has on the larger island. 

The fields within the area surveyed are for the most part small 
patches, and this in itself is against the proper curing, sorting, and 
gradíng. In fact, the grower seldoni attempts any grading at all, but 
sells his product in bulk, the grading being doně by the exportér oř 
the manufacturer. 
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The tobacco is cured without the aid of artificial heat, the time of 
curing being about f orty-five days. In some parts of the island the 
tobacco barns are loosely constructed sheds, generally built length- 
wise up and down the hills, so that a draft will blow through them as 
through a chimney; but in the area surveyed the barns, which were 
heavily thatched, were built horizontally and without regard to speciál 
ventilation. 

The best grade of tobacco, which is grown in the mountain regions, 
compares favorably in natural characteristics with some of the better 
classes of Cuban tobacco. The Vivi sandy loam produces the finest 
leáf in the area, the Arecibo silt loam (sandy areas along the upper 
coursc of the river) having second pláce, the Adjuntas clay third, and 
the Tanama stony loam f ourth. Tobacco on the Portugues stony loam 
is grown under irrigation. 

Up to this time coffee, sugar, and tobacco havc been the chief 
exports f rom the island. Besides these crops there are a large number 
of f ruits produced on ího island, some of them cultivated, but many of 
them growing wild, and the minor subsistence crops, important among 
which are tanier, sweet potatoes, cassava, upland rice, beans, and 
corn. As yet in the areas surveyed little attempt has been made to 
grow any of these products on a commercial scale, but there seem to 
bc good prospects, with the close trade relations which now exist 
between the island and the United States, for the development of 
favorable industries in the production of citrus f ruits, cocoanuts, pine- 
apples, and bananas, as well as some of the other f ruits not as well 
known in the markets of this country; for instance, the guava in the 
fihape of jeli}'. 

Citrus-fruit culture as it is carried on in California and Florida is 
practically unknown in Porto Rieo. The orange, vhich is the most 
important and most extensively grown of these fruits, is planted 
among the coffee trees, in the shade along the trails, and around the 
houses, but after planting little else is doně to promote the growth 
and productiveness of the trees, except that on some estates the grass 
is occasionally eut f rom beneath them. With the little care just men- 
tioned the trees grow vigorously and bear au abundance of fair fruit, 
sweet and of good flavor, and with small amount of pulp, medium 
thick skin, and good color. 

Considering that nothing has been dono to improve the naťive stock 
by budding or grafting, all the trees being seedlings, the fruit is very 
fine. Undoubtedly it could be improved by grafting f rom scions f rom 
selected trees on the island or by introducing some of the choice vari- 
eties from other orange-growing distriets. 

A few dozen limc trees were observed scattered through the area. 
They were of good color and bore considerable fruit, and there seems 
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to be no reason why this fruit should not be grown successf ully on a 
commercial scale. 

Only a very few lemon tree8 bearing a coarse, inferior fruit osed 
only to a limited extent, were noticed. This samé variety is gro *vn in 
Calif ornia gardens as a curiosity. The production of this fruit seems 
to be neglected. A fair idea of the lemon output may be drawn f rom 
the fact that the Italian product is the only kind to be found on the 
market. The pomelo, or grape fruit, reaches perf ection on the islana. 

The cultivation of citrus fruits is recommended for the Adjuntas 
clay, the Alonso clay, particularly the high-lying areas to the South- 
west of the town of Adjuntas, and the Tanama stony loain, in such 
locations as are near enough to the military road to permit of the 
transportation of these erops to market. On all of these soils these 
crops could be produced without the aid of irrigation. On the south 
coast of the island, where the climatic conditions and soils are in 
some ways similar to those of southera Calif ornia, the raising of 
citrus fruits under irrigation could be profitabty undertaken. The 
Ponce sandy loam is one type of soil recommended for the growing of 
oranges. Near Mayaguez, in the extréme western part of the i^and, 
there are a few successf ul commercial citrus-fruit orchards, and p.re 
is no reason why other successf ul orchards should not be estabL . jd 
on some of the soils of the area surveyed, and the direct water trans- 
portation between the island and New York, together with the low 
freight rates, should encourage capitalists to embark in the develop- 
ment of this industry. 

To no other two products do the natives owe so much as to the banana 
and plantain. From playa plain to mountain top, wherever any cultiva- 
tion has been čarried on, the beautif ul plants, of various heighta with 
broad, herbaceous leaves, 8 or 10 feet long, are seen. Banani *d 
plantains are grown from the suckers which appear at the ba*^ 
large trees. These are separated from the parent tree with a spac 
knife and transplanted. In one year from the time of plantinf 
first fruit may be gathered. Bananas are always cut green, fif • 
twenty days bef ore maturing, and hung in the dark to ripen. . > 

There are more than a dozen varieties of bananas grown in th« 
surveyed. The "dáte" and u apple" varieties are by the nativ< 
sidered the choicest. The f ormer is about three or four inches 
with very thin skin, while the latter is a little longer. The pl 
so dosely resembles the banana that it takés an expert to telí ujdi 
apart. There aro many varieties on the island, the choicest of which 
are known as "hortones" and "congos." The fruit is gathered green 
and always prepared for eating by cooking. 

Both bananas and plantains are ušed to a large extent to shade the 
coffee trees, especially the young plants. Better transportation facil- 
ities and the demand that is almost sure to arise in this country will 
soon develop the production of these crops alpng commercial lineš. 
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At present the soils on which bananas and plantains are more suc- 
cessfully grown, given in the order of precedence, are as follows: 
Ponce sandy loam, Arecibo silt loam, Ponce loam, Portugues adobe, 
Adjuntas clay, Alonso clay, and Tanama stony loam. When the ques- 
tion of commercial production is considered, the order may be changed 
somewhat, as eost of production and of transportation to market will 
enter more largely as a f actor in the profitable growing of these crops. 
The best banana lands may yield as high as 700 bunches on a single 
acre in one year. (See PÍ. IV.) 

Probably the most valuable of the indigenous trees of the island is 
the cocoanut palm. It is cultivated to considerable extent in the area 
surveyed, but most successfully on the sands along the seacoast. The 
soils on which it does best are the Ponce sandy loani, the Coral sand, 
the Arecibo sandy loam, the Arecibo sand, and the Arecibo silt loam. 
Near the coast, where the water table comes near to the surf ace, the 
trees were particularly thrifty, on soil that is almost worthless for any 
other purpose. 

The cocoanut palm grows to a height of 50 f eet or more and is 
crowned with f ronds f rom 12 to 15 feet in length. The fruit is borne 
in clusters, from 2 to 15 nuts in a cluster, and one tree sometimes 
bears as many as 150 nuts. As many as 10,000 nuts may be produced 
on one acre in one year. The tree begins fruiting when 5 years old 
and may continue to fruit for one hundred years. 

Cocoanut trees require no cultivation when once established, but 
the gathering of the nuts is difficult and expensive, as is also the f ree- 
ing of the nuts from their fibrous husks. No extensive plantations 
were seen in the area, but a few are sold for export, bringing from 
$12.50 to $20 per thousand. In the eastern part of the island some 
attention is given to the commercial production of this nut, and in 
1890 1,500,000 cocoanuts were exported from the island, principally 
to the United States. 

The Porto Rican pineapples are acknowledged, even in Čuba, to be 
the finest flavored in the West Indies, and yet but few are exported — 
only 50,000 in 1898. Within the area surveyed at present pineapples, 
with one or two exceptions, are grown only in small patches for home 
use, the poorest reaching the local markets. There is excellent 
opportunity for the introduction of the commercial growing of this 
crop. Certain of the cheapest sandy soils are very similar to the 
pineapple lands of southern Florida, and with the samé high fertiliza- 
tion and intensive culture would probably become equally as valuable. 

The guava, cassava (from which comes the commercial tapioca), and 
a number of other native crops also promise to become of economic 
importance when transportation facilities improve and the needs of 
the United States markets become understood in the island. The 
growing of some of the vegetables for early marketing in the United 
States might be profitably developed. 
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AGHICULTORAL OONDITION8. A 

At the time of the occupation of Porto Rico by the United States, \, 
agriculture in the island was greatly depressed. The low price of •,, 
sugar in recent years had closed many of the mills and thrown out of 
cultivation wide areas of fertile sugar lands; the war in Čuba had unset- ^ 
tled trade with the mother country, and oppressive taxation, made . ^ 
more onerous in the attempt to make the little island bear a dispropor- j 
tionate part of the extraordinary expenditures necessary for carrying 
on the war, had discouraged those who were able to start new enter- 
prises or to revive those in decline by the investment of capi^al. As 
a resultof these untowardcircumstances many of the laboring class were 
already out of employment when the disastrous hurricane of Septem- 
ber, 1898, occurred. Although this storm did great damage to the 
sugar industry , it was the coffee plantations which suffered most hea vily, 
and thousands of laborers in the coffee districts of the area surveyed 
were added to the army of the unemployed. 

At the time of the presentsurvey the damage wrought by the storm 
was still apparent on every hand, and the condition of generál depres- 
sion was only too evident, though matters were beginning to mend, 
primarily as the result of new governmental policies. 

The removal of all personál taxes, the abolishment of the consumer's 
taxes on f ood and articles of necessity, the establishment of f ree trade 
between the island and the United States^ and the hiring of thousands 
of laborers in the construction of roads are some of the acls of the 
new régime that are tending to relieve the situation. 

While the farming class is as yet far f rom being in a prosperous 
condition, the noticeable improvement in that respect that has taken 
pláce in the last three years, together with the admitted opportunities 
for the development of paying agricultural industries and the certainty 
that capitalists will be found to develop them, holds out hope for the 
future. 

A greater proportion of the farnis in Porto Rico are owned by the 
occupants than in the United States, or than in most of the States taken 
individually. If we may také the percentages of the departments of 
Arecibo and Ponce as representing the area surveyed, between 96 and 
97 per cent of the f arms are owned and but something over 3 per cent 
•are rented. When the land is rented to the peasant class, one-half the 
crop is the usual return to the owner, the tenant perfonning all the 
labor of clearing the land and caring for the crop. In the island at 
large 89 per cent of the cultivated area is occupied by whites, and 10 
per cent by negroes and persons of mixed blood. 

The average size of the farms in the area surveyed is probably not 
far f rom 50 acres, or a little more than one-third the average size of 
farms in the United States, and the average area cultivated is about 
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one-f ourth of tbe total area, while in the United States about one-half 
of the f arm land is on the average improved. 

The labor is performed largely by the peons, as they are called. 
The wage paid is about 40 cents per day, though in the sugar districts 
ťhe rate is occasionally 50 cents. The latter rate is being paid where 
extensive operations in road building are being carried on. Of ten the 
employer gives the farm hands the midday meal. 

The Porto Rican laborer is faithful and industrious, and, while he is 
illiterate (83 per cent of the entire population of the island is unable 
to read), he is intelligent, apt mechanically, willing to learn, and 
appreciative of fair treatment. With all the difficulties in the way of 
learning, the proportion of the literates in the island increased f rom 8 
per cent in 1860 to 16 per cent in 1899. With the institution of the 
free school systém the lifting of this class to a higher intellectual plane 
should progress rapidly. 

With the low wage rate and the lack of opportunities for ^teady 
employment it is no wonder that great poverty is coramon among the 
lahoring class. Were it not for the practice of f rugality on the one 
hand and the lavish production of wild and cultivated f ruits common 
in tropical countries on the other, so dense a population as that of 
Porto Rico under existing conditions would soon find itself on the 
verge of starvation. 

In some of the farní work the women and young children assist. In 
the picking of cofřee this is the čase, and in the worming of tobacco, 
and other lighter work; but the women do not workin the fields as a 
usual thing as they do in Čuba and in some other of the West Indián 
islands. 

Not to repeat what has been written of the crops in the separate 
treatment of the soils or in the chapter on cultivation, it is thought 
weli to again ref er to the principál products, this timc with the broader 
view of their economic worth as a basis upon which to build a lasting 
agriculture. The production of sugar in this view is of prime impor- 
tance. The industry should be resuscitated, and it will be. The 
quality of the sugar must be improved, the processes of manufacture 
cheapened, and the competition of other regions met. This can be 
doně by the building of large modem mills in situations where suffi- 
cient cane lands can be made tributary to keep the machinery going 
constantly during the grinding season. In other words, there must be 
centralization — a reorganization of the industry along the lineš in 
which there has already been made some advance. When so recon- 
structed the production of sugar will play even a more important part 
in the wealth and prosperity of the island and of the area surveyed 
than it does at present. 

The Porto Rican tobacco is a fine cigar-filler leaf . It has been a 
practice of Cuban exporters, especially in years of short crops in that 



52 

island, to buy the Porto Rican leaf and pass it off as "Habana." The 
tobacco industry in Porto Rico has scarcely been developed at all, not- 
withstanding that the quality of the leaf is good. It should be given 
the samé skillful cultivation and curing that is given the Cuban prod- 
uct. Who can doubt that this product will some day be a mainstay in 
the agriculture of the island? It will affect mainly the centrál districts 
of the area surveyed. 

Porto Rican coffee is of fine flavor and brings a better price to the 
grower than South American coffee. It has an established reputation 
in European markets. As yet it has not found favor in the markets 
of this country, but there doubtless will be a demand for it when it 
shall be introduced to that public which insists on a first-class article. 
It would seem that this market alone should cause a considerable 
increasc in the area of coffee plantations. Coffee is now the most 
important industry in the interior areas of the area surveyed, and it is 
destined to become more important. 

The fruit industry has been even less developed than the tobacco 
industry. The quality of those kinds for which there is already 
demand in our markets is superior, and amelioration of the present 
condition of the agricultural classes through the building up of com- 
mercial fruit growing is sure to také pláce. 

Without drawing f urther upon the crop possibilities of the area, the 
abovc are enough to warrant a conclusion favorable to the future firm 
agricultural position of this new Territory. 

In a region where so little of intensi ve agriculture is practiced it 
would not be expected to find the question of the adaptation of 
crops to soils worked out very carefully. Yet custom, the result of 
three hundred years, more or less, of empirical agricultural experi- 
ment, has determined broad soil-crop relations, and crop distribution 
is seen to follow soil formation and topography much as it does in the 
United States. The time has not yet come for much refinement in 
this direction, but the work of the agricultural experiment station in 
the island and of the Bureau of Soils will afford valuable suggestions 
for those that are ready for them. 

. Though outside of the area, an interesting instance of the progress 
of adaptation of soils to crops which has taken pláce around Cayey 
may be citecl. This is the principál tobacco area i o the island, pro- 
ducing a very íine grade of cigár wrapper and filler tobacco. Until 
within a ffcw years the tobacco was all raised on the lower parts of the 
slopes, where the soils are deep and rich f rom the wash f rom the hiils, 
but in some way it was discovered that the tobacco grown farther up 
the slopes was of even better quality, and the fields háve now been 
extended to the crests of the hills. 

Transportation facilities are limited within the area surveyed. 
Ponce and Arecibo possess harbors, or, rather, open roadsteads, where 
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steamships call and receive cargoes of sugar, coffee, rum, and tobacco, 
but on account of the poor harbor f acilities it is necessary for the largo 
vessels to anchor offshore at both of these ports, and the cargoes are 
carried to the vessels in lighters. Two lineš of steamships, with 
weekly service, connect the island with New York, while one of these 
lineš also touches at South American ports. Other lineš connect with 
the other islands of the Antilles and with Central and South American 
ports, and small vessels ply around the island. 

Arecibo is connected with San Juan by the French Kailroad, a 
narrow-gauge road, which carries freight and passengers. This is a 
part of the systém of coast railroad which was originally designed to 
' encircle the island, but afterwards given up. At the present time it 
runs f rom San Juan to Camuy, Aguadilla to Mayaguez, and f rom 
Yauco to Ponce. 

The military road is completed f rom Arecibo to Utuado and is being 
constructed across the island. This will probably be finished by the 
end of the present year (1902), serving as an easy means of communi- 
cation between the coast and the coffee districts in the interior moun- 
tainous regions. There are several ox-cart roads in the vicinity of the 
large towns, but travel over these during most of the rainy season is 
slow and painf ul. 

In addition to these roads there are many trails which penetrate the 
country in almost every direction. These are only passable for pack 
horses, and frequently during the wet season they are unsafe for 
travel for either man or beast, on account of the slippery nature of 
the clay composing them. The question of transportation in the 
mountainous and limestone hill country is a serious one, and no con- 
siderable agricultural development can také pláce until suitable trans- 
portation facilities háve been provided. 
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LETTER OF TRANSMITTAL 



Agricultural Experiment Station, 

Mayaguez, P. H. y May 16, 190 ty. 

Sir: I háve the honor to transmit herewith a bulletin on propaga- 
tion and marketing of oranges in Porto Rico, by Mr. H. C. Henrick- 
sen, assistant horticulturist of this station, and respectfully recom- 
mend its publication as Bulletin No. 4 of the Porto Rico Experiment 
Station. 

The growing of oranges and other citrus f ruits in Porto Rico on a 
commercial scale has commenced since the American occupation and 
at the present writing has not gone beyond the experimental stage. 
The indications, however, are favorable, and on the strength of these 
considerable areas are being planted. It is estimated that fully 6,000 
acres háve already been planted ,to budded trees secured either f rom 
Florida or f rom local nurseries. 

The orange as grown in Porto Rico for many j^ears prior to American 
occupation was propagated only from seeds, and as a result the fruits 
represent a wide range in characteristics, such as appearance, flavor, 
number of seeds, "rag" content (tough, indigestible inside fiber), and 
time of ripening. Some of the fruits are worthless, some are poor, 
while many are good, and a few are as fine as can be found in either 
California or Florida. It is from the few trees that produce really 
choice fruits, adapted to particular uses, that the growers should 
propagate rather than to plant large areas budded from varieties that 
are new to Porto Rico, until such time as it is proved that introduced 
varieties will succeed well. 

It is with a view of instructing the small nurserj T men and planters 
throughout the island, or those men who are without experience in 
propagating and growing oranges and other citrus fruits, that this 
bulletin has been prepared. No attempt is made to go into fuller 
details that would be required for the larger nurserymen, who as a 
rule háve already mastered the subject and gained the knowledge and 
experience that insures success. 
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By using varieties adapted to our climate, planting on soils suited 
to the product, in localities that are easily accessible from shipping 
point8, and with proper packing and shipping facilities there is little 
doubt that orange growing in Porto Rico will prove both successful 
and profitable. 

Věry respectfull) r 5 Frank D. Gardner, 

Speciál Agent in Charge. 
Dr. A. C. Trub, 

Director, Office of Experiment Station*, 

Č7". S. Department of Agricidfaire, Washington, D. C. 

Recoinmended for publication: 
A. C. True, Direcřor. 

Publication authorized: 
James Wilson, 

Secretary of Agriculture. 
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PROPAGATION AND MARKETING OF ORANGES IN 

PORTO RIGO. 



INTRODUCTION. 

The orange can not be successf ully propagated from cuttings, but it 
is well adapted to the method of seed propagation, as the seeds ger- 
minate readily. This method is undesirable, however, as the orange 
does not reproduce itself true to seed. Therefore, wherever it is 
grown extensively for commercial purposes it isalways propagated by 
budding or grafting on seedling stocks. 

PBOPAGATION BY SEEDS. 

An abundance of orange trees growing wild in a certain locality will 
indicate the natural fitness of that locality for orange culture, but does 
not by any means show that a cultivated orange tree will suceeed as well 
as the wild specimen. 

Under natural conditions the f ruits drop and the seeds soatter, and 
if conditions are favorable germination takés pláce. But out of the 
thousands of seeds germinating each season only a few seedlings can 
be found next season, and perhaps a couple of years hence there wi!l 
be but one or two sturdj 7 specimens left. If those samé seeds were 
planted and cared for nearly all of them would probably grow to 
maturity, but certainly not all would suceeed as well, even under the 
improved cultural conditions, as the natural selections. 

SEED SELECTTON. 

When a seedling orchard is desired seeds for planting should be 
selected only from those trees and fruits that possess the characters 
desired by the grower. The tree should be healthy and vigorous and 
háve but few thorns. It should be isolated as much as possible from 
other trees in order to prevent cross breeding. The fruit should be 
well formed and of a uniform size. For the orange, sizes from 2|# to 
3£ inches in diameter will answer the market requirements better than 
smaller or larger sizes. The peel should be thin, but tough and 
elastic. The rag (a term designating the fiber inclosing the individual 
segments) should be thin and transparent, and the core should be 
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small. Of seeds there should be but very few. The taste should be 
sweet without being insipid, with a rich, delicate orange flavor. 

In Porto Rico the time of ripening should be either very early oř 
very latě. For early, from September 1 to December 1, and for latě, 
from Apríl 1 to July 1. 

DISADVANTAGE8 OF SEEDLING TBEES. 

After all the trouble to whieh the grower may háve gone in select- 
ing seeds, the fact still remains that he can not know with certaint3 r 
what the result will be before the tree grows up and bears f ruit. No 
seedling possesses the absolute inherent characters of the parent 
plant, although some will reproduce nearly true to seed. In the 
orange, however, the true reproductive character can not be relied 
upon and it will often happen, in špite of all the precautions taken, 
that the f ruit of a tree will be far different from the parent f ruit from 
which the seeds were planted many years before. 

The seedling tree in Porto Rico usually grows too tall, which greatlj r 
increases the cost of picking the f ruit. It is very often thorny, mak- 
ing it disagreeable to handle and spoiling a large amount of fruit; 
besides, the average seedling does not bear at as early an age as the 
budded trees of most of the named varieties. 

PROPAGATION BY BTTDDDÍG. 

Most of the disadvantages of seedling trees can be eliminated by 
means of bud propagation of selected varieties, which method is 
almost exclusively ušed where citrus fruits are grown for commercial 
purposes. When budding is to be practiced, seeds from one of the 
best locally adapted species of the citrus family should be planted for 
the production of seedlings to bud upon. The resulting plants, called 
budding stock, may then be budded with any desirable variety of 
orange. 

BUDDING STOCK. 

In Florida the following species are ušed for budding stock: Rough 
lemon, pomelo, sour orange, sweet orange, and lime (PÍ. I, fig. 1). 

The rough lemon grows very vigorously, with an extensive but 
shallow root systém. It will grow on land where the sweet orange 
would perish, and is well adapted to dry and sterile localities, but will 
also thrive very well on low moist soil. 

The pomelo stands next to the rough lemon in vigor; but while 
it thrives on nearly all kinds of soil, it should not be planted on 
extrcmely poor soil nor on that which is excessively wet or dry. 

The sour orange is probably the most satisfactory budding stock. 
Its root systém is well balanced, deeper than the pomelo and rough 
lemon, but with shorter lateral roots. It is probably inferior to the 
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rough lemon under extréme conditions, and inay not be as vigorous. 
But on low undrained land it should be ušed in preference to any 
other as it is practically injmune to foot rot, a disease which is often 
quite severe on sweet orange and which may attack rough lemon and 
pomelo when planted under those conditions. 

The sweet orange can not be recommended for extensive use as 
budding stock in Porto Rico, as it seems to be of much slower growth 
there than the rough lemon and pomelo. 

The lime is not often ušed as budding stock and has no merit as 
such, except in very rocky soil, wheré it will také root and thrive in 
crevices where no other citrus tree would live. It should not be 
extensively planted by beginners in orange culture, as it is difficult 
to bud. 

THE SEED BED. 

The seeds intended for planting should be taken f rom fully ripened, 
well-developed fruits, gathered from healthy, vigorous trees. The 
fruits should be cut in halves, the seeds squeezed out, and planted 
immediately, since drying retards germination. The seed bed should 
be located on naturally rich, well-drained soil. If such can not be 
found, a good dressing of stable manure should be applied and well 
worked into the soil a couple of months before planting. 

The seed beds should be laid out 4 feet wide with a 2-foot walk 
between. The seeds should be planted about one-half inch apart, in 
rows 6 inches apart, running crosswise in the bed, and covered to a 
depth of about 1 inch. It is always desirable to háve the seed bed 
located near a permanent water supply, as daily attention may be 
required. The beds should nevěr be allowed to dry out; the soil 
should be loosened from time to time and the weeds caref ully removed. 
Under favorable circumstances the plants will be ready for transplant- 
ing in six to seven months, having reached a height of 8 to 12 inches. 

THE NTJBSEBY. 

About the time the seed bed is planted the nursery site should be 
selected and the soil thoroughly prepared. The land should be cleared 
and all stumps and rubbish removed, after which a good application 
of stable manure should be given and the soil plowed deep. Immedi- 
ately after plowing, a crop of vel vet beans should be planted, which 
will prevent the escape of any of the fertilizing properties in thé 
manure and shade the soil, as well as gather nitrogen, the most expen- 
sive ingredient in fertilizers, from the air, 

A couple of months before the trees in the seed bed are ready for 
transplanting, the velvet beans should be mowed down and allowed to 
wilt, after whičh the vineš should be plowed under. Immediately 
before planting, the land should be harrowed and thoroughly pulverized. 
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TRANSPLANTIKa. 

For transplanting, a rainy day should be selected, if possible, in 
order to prevent wilting and to savé hand watering. The seed bed 
should be thoroughly wet and the trees removed by digging down at 
one end of the bed to the lowest depth reached by the feeding roots. 
Then by thrusting a spade horizontally under the trees a considerable 
number may be removed at one time. If the tap root is excessively 
long, the lower portion may be cut off. If the soil is clayey it will 
adhere to the roots, and the trees should be moved to the nursery 
without being separated. If sandy, the soil will shake off, and the 
roots should be wrapped in wet sacks or transported to the nursery 
in barrels containing water. 

The rows should be' marked off perfectly straight, 3± feet (1 meter) 
apart, and the trees planted at a distance of 13 inches apart (£ meter) 
in the row. The holes for planting may be made with a straight spade 
or a hard-wood stake 4 feet long and pointed at one end. After the 
planting the trees should be watered, if necessary, until well estab- 
lished. The nurserv should be cultivated f requentlv so as to cheek the 
growth of weeds, as well as the evaporation of soil moisture. On 
poor soil it may be found necessary to apply some fertilizers in order 
to push the growth. The trees, under favorable circumstances, should 
be ready for budding in five or six months. 

SEIjECTION OF BUD WOOD. 

In Florida and California about 75 varieties of oranges are reeog- 
nized, but not more than 20 to 25 are generally cultivated. Onl} r a 
few of these varieties are in marketable condidon before the last part 
of November, and fewer still can be hekl later than April. How 
they will behave under cultivation in Porto Rico it is yet too early 
to predict; but as Porto Rico already possesses a great nuniber of 
unknown seedling varieties, it may be assumed that by judicious selec- 
tion some varieties may be established which will be equal or even 
superior to those already known, and if in a certain locality a tree can 
be found possessing the desired characters there is no reason why it 
should not be ušed to propagate from. It can not be too strongly 
emphasized that every grower should be on the lookout for the best 
trees that may be found in the neighborhood, always remembering 
that bud wood cut from a branch bearing good fruit will produce 
fruit of the samé quality when grown on a congenial stock under 
similar conditions of soil and climate. 

CTJTTTNG THE SCIONS. 

In the orange the young wood is angular andof a light-green color; 
but toward maturit v it becomes round and the color of the bark 
changes to a dark green. As the wood grows older the appearance 
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of the bark will be somewhat rough and the green color will be 
stre&ked with light gray, turning to a solid gray when fully mature 
(Pí. I, %. 2). 

For bud wood the round, dark green wood of the present season"s 
growth ís generally preferable, thougb the older gray-streaked wood 
may often be ušed to advantage. The scions may be cut from any 
part of tbe tree, except from suckers and water wprouts (that is, 
sprouts growing directly from tbe roots or lower part of the trunk). 
For this work a pair of hand pruning shears will be found convenient 
(fig. !<■). Immediately after cuttíng, the wood should be divided ibto 



lengths of about 10 inches, and the leaves and thorns at once eut off 
with a sharp knife, elose to the wood, without injuring the bud. 

The scions should then be wrapped dosely in a wet saek, whicli 
should again be wrapped in one or two dry sacks and put away in a 
cool pláce for about a week. By thit time the petioles will háve 
dropped off, the leaf scars healed over, and the buds will be what the 
nurserymen call "cured," which means that most of tbe reservě 
materiál in the scion has moved into the buds. rendering tbem tougher 
and inereasing their longevity, thus making tbe process of budding 
easier and insuring better s 
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BUDDING KNIFE. 

Before starting to bud, a good knife for that purpose should be 
secured (fig. 1<"). If it should be found difficult to obtain such a knife, 
a good thin-bladed pocketknife may be ušed, if the sharp point is 
ground off as shown in fig. le, and it should be borne in mind that a 
sharp budding knife is the first requisite for successful budding. 
The budding knife should nevěr be ušed for trimniing, not even for 
cutting off a thorn, and the edge should always be as keen as a razors. 

BUDDING TÁPE. 

Budding tápe may be made by dipping muslin into a hot mixture of 
3 parts of beeswax to 1 part of resin, or 2 parts of beeswax to 2 parts 
of resin and 1 part of tallow. 

A much better tápe, however, can be made by dipping muslin in 
hot paraffin containing a small amount of beeswax (about 1 part bees- 
wax to 8 or 10 parts paraffin). 

There are many grades of paraffin and they are not all suitable for 
this purpose. The paraffin sold at drug stores is generally of a white 
color with a hard brittle textuře, and therefore nonadhesive. It is 
also expensive. Most of the grades ušed by match factories on the 
island will be found suitable; some grades, however, contain free oil 
and should be avoided on that account. The best grade for budding 
tápe is soft, elastic, semitransparent, and should leave no oil nor 
greasiness on the fingers after handling. 

For melting the mixture a broad receptacle, like a f rying pan, should 
be ušed. The muslin, about a yard long, may be folded several times 
and immersed in the melted mixture, where it should remain until 
thoroughly saturated. If the resin mixture is ušed the surplus materiál 
should be removed by drawing the cloth between two sticks held close 
together by an attendant. If the paraffin mixture is ušed the cloth 
should merely be allowed to drip, after which it should be unfolded 
and held in the bandy a moment until cool; it may then be torn into 
strips about 12 inches wide. These strips should be nicked with a 
knife or pair of shears, at intervals of about one-third inch along one 
side, to facilitate tearing off the strips for wrapping. 

HOW TO BUD. 

The process of budding consists in cutting from the scion a pieceof 
bark containing an eye or bud and inserting it under the bark of a 
tree (the stock) through an incision made with the budding knife. 
Several methods may be employed, but the most common one is shield 
budding (PÍ. II, fig. 1). 

To do this work the operátor kneels down beside the tree to be 
budded. Taking the budding knife in the right hand, a vertical cut 



Flfi. I.— METHOD Oř SHIÉLD BUODING: «. CUTTINQ THE BUD; b. BuD; ' 

Incision; 'ř. Bud Partly Inserted; <■. Buo Wrapped. 
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about H inches long is made in the bark a f ew inches f rom the ground. 
At the base of this a horizontál cut is made, giving the knif e an upward 
twist to slightly raise the lower edges of the bark. 

To properly cut a bud is perhaps the most difficult operation of 
budding. The cut surface should be perfectly smooth without being 
split, and the bark should háve a thin piece of the wood adhering to 
it. To successf ully accomplish this the scion is held in the lef t hand 
with thě top end f rom the body, while with the knife in the right hand 
the cut is started about one-half ineh above the bud, cutting deep 
enough to remove a thin piece of wood with the bark. The blade of 
the knife should form an acute angle with the scion and the cut be 
made by beginning near the base of the blade and drawing the knife 
backward with a gentle stroke. This separates the bud with a smooth 
surface and prevents it f rom splitting off, as it is always inclined to do. 

The bud should be inserted from below through the incision made 
in the bark, and pressed up with the point of the knife until fully 
covered by the bark. The bud is generally inserted with the eye 
pointing upward; but that is immaterial, as just as good success can 
be obtained by inserting with the eye pointing down, and it apparently 
makes no difference in the growth of the bud. Even a sprig bud may 
be inserted with the top downward. 

Immediately after inserting the bud a strip of waxed tápe should be 
torn off and wrapped tightly around the stock, beginning below the 
horizontál cut and wrapping upward, letting each turn of tápe slightly 
overlap the preceding one. The bud should be entirely covered, and 
if the tápe is too long it will be easier to také an extra turn around 
the stock than to cut it off. 

If scions háve been cut from the angular wood it will be f ound neces- 
sary to vary the method somewhat (PÍ. II, fig. 2ab). In cutting the bud 
the scion should be held with the angular edge to one side and the bud 
on the upper surface. The shield when cut off will then be as broad 
as if the wood had been round, but the eye will be placed at one side 
instead of the center. For inserting the bud a vertical incision should 
be made on the stock by turning the knife to one side, letting the 
point in under the bark deep enough to loosen it. A pocket will 
then be made into which the bud should be inserted and wrapped. as 
previously described. 

Another method often ušed for angular wood is what is called 
44 sprig" budding (PÍ. II, fig. 2cd). Here a scion containing several 
buds is ušed. It is sharpened with a slanting, smooth cut on one side and 
inserted in a pocket-like receptacle on the stock, like the one described 
above, and should be wrapped with tápe around the insertion, with 
the last two turns around the stock only, and firmly pressed down 
behind the sprig. 
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The buds should be Ieft undisturbed for ten days to two weeks. in 
which time they will háve united with the stock. The tápe should 
then be unwrapped f rom the top far enough down to exposé the eye, 
but should be left intact below the eye, which will insure keeping the 
bud in pláce if not well enough united, and will do no harm, since it 
drops off in a short time. 

In a week's time after unwrapping, the buds should be again 
inspected, and all that are found to be green should be "forced." 
That is, the sap flow in the tree should be arrested immediately above 
the point of budding, in order that most of the sap may flow to the 
inserted bud. 

FORCING THE BUDS. 

Forcing may be accomplished by partly cutting the tree off above 
the bud and lapping the top over, which method is preferred by many 
nurserymen, though it has many disadvantages. It is exceedingly 
difficult to force dormant buds in that way; the lapped tops will 
always be in the way for working; there is no stock left to which the 
bud may be tied, and therefoře stakes will háve to be ušed. 

Another and better method is girdling (PÍ. III, fig. 1#), which con- 
sists in cutting the bark all around the stock about 2 inches above the 
bud, and making another similar cut one-half to three-fourth3 inch 
higher up. Then by making a vertical cut between the two, a ring of 
bark can be peeled off very readily. Some nurserymen cut the stock 
entirely off after the bud has united, but that is bad practice and 
should be avoided. 

Two to three weeks after girdling the trees should again be gone 
over and all young growth below the girdle should be cut off, leaving 
the bud only. This process should be repeated every two weeks until 
no more growth appears. When the bud has grown to a length of 4 
to 5 inches it should be tied to the stock in order to direct a straight 
growth and to prevent its being broken off (PÍ. III, fig. lb). One or 
more tyings will be necessary later on, always with the object of a 
straight tree in view. If the buds grow up more than 3 feet high 
without branching the tips should be nipped off in order to induce 
branching. 

After the bud shoots háve reached a diameter of one-half inch or 
more at the base the old stock should be cut off close above the union. 
This may be doně with a pair of sharp pruning shears. The cut should 
be slanting from the point of union downward (PÍ. III, fig. lc); thus 
when healed over no scar will be left and the tree will be straight, not 
even showing the pláce of union. After the stock scar has healed over 
the tree will be ready for transplanting. 



>•■ Bud Tied Up; 



Fig. 2.— Crown Ghaftino with Ghafts iNseHTeo. 
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PLAHTIHG A GEOVB. 

PREPABING THE LAND. 

ln the best orange sections in Florida the land is always cleared of 
all brush and stumps and plowed once or twice before planting. In 
Dade County, where the soil is very rocky, it was the practice a few 
vears ago to cut down the large trees, which, together with the sniall 
brush, was burned, leaving the stumps in the ground. The rows 
were then marked off and holes dug oř blasted and the trees planted 
at once. Prospective planters figured out that a sniall tree would 
need but a few feet of soil the íirst year or two, and by clearing a 
space around each tree, increasing it year by year, the cost would be 
distributed and the tree grow as well. That, howcver, was soon found 
to be a fallacy, and now the land is all well cleared and prepared 
before planting, and this method will no doubt be found the most 
economical in Porto Rico. 

STAE2NG OUT THE GROVE. 

If undisturbed by disease or climatic influence there is practically 
no limit to the age of an orange tree, and in Porto Rico the seedling 
trees attain a diameter of 1 foot or more, with a spread of 25 to 35 
feet. The budded tree will probably not reach the samé size, but a 
space of not less than 20 by 25 feet should always be given, and prob- 
ably more space may be found advisable. 

For a sniall grove procure as many stakes as there will be places for 
trees. The stakes should be straight, not less than 4 feet long, and 
painted white at one end. The first line (base line) should be meas- 
ured off running parallel with the generál direction of one side of the 
field and as close to that side as practicable, and stakes placed the 
desired distance apart. Next a square corner should be established 
thus: Begin at one end of the base line and measure off 80 feet along 
that line, placing a stake at the finishing point; then start from the 
samé end of the base line and measure off 60 feet at a right angle 
thereto, and set another stake; the distance in a straight line between 
these stakes should be 100 feet. The 60-foot stake may need to be 
moved slightly from its trial position; and when the distance is just 
60 feet from the base line and 100 feet from the íirst stake the lineš 
will be exactly at a right angle with each other. Continue the line 
through the 60-foot stake to the opposite side of field and square that 
corner in the samé way. The other two lineš may then be laid off 
and the corners squared likewise. Stakes may then be placed at the 
desired distance on those four lineš, and no more measurements will 
be required. The rest of the stakes may be placed by one man, 
while two men direct him by sighting from each side. 
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With great care a largé orchard tnay be staked out in the samé 
way, by starting at one oorner of the field and measuring off no more 
at one time than a man can sight across. The lineš of the measured- 
off sections will then be the base line for the adjoining seetions. 

The following table gives the number of trees per acre when set 
different distances apart: 

Distance* and number of trees per acre, for orangt trees. 



Dtot.nceap.rt. \$g£ 



20 feet by 20 feet i 107 

20 foet by 25 íeet 86 

25 íeet by 25 feet » 

25 feet by 80 feet 69 



80 feet by 80 íeet 48 



DIGGING THE HOLE6. 

It is also economical to enrich the soil before planting, and in Porto 
Kico it will doubtless pay to dig large holes where the trees are to be 
planted, which should then be filled with alternate layers of compost 
and soiL Leaf mold, or even dry grass, may be ušed instead of com- 
post. The holes should be allowed to stand six to eight weeks before 
planting the trees, in order that the soil may settle and the heat which 
will be generated by the compost may be allowed to escape. 

After digging the holes the stakes should be placed exactly in the 
samé position as before, which may be accomplished by using a tree 
setter. A tree setter may be made f rom a straight board 8 to 10 feet 
long and about 4 inches wide, with a hole near one end and a notch 
near the other as well as one in the middle. The tree setter should be 
placed on the ground with the middle notch placed against a marking 
stake which has been set in pláce by sighting as alread\' described. 
A wooden peg should be inserted through the hole in the board and 
another in the notch at the other end. Then by swinging the board 
out of position the marking stake may be removed and the hole dug. 
By swinging the board into position again the stake can be replaced 
precisely. The tree setter should again be ušed when planting the 
trees. 

PLANTING THE TREES. 

When ready for planting the trees may be taken out of the nursery 
in a manner similar to that folio wed in removing them from the seed 
bed. If a balí of dirt can be removed with the roots it will be found 
of advantage to do so. If not, the roots should be caref ully covered 
to prev r ent drying out. If the planting is doně in the rainy season, as 
it ought to be, the trees may be left untrimmed, but it will usually be 
found best to cut oíf part of the top as well as most of the leaves in 
order to check transpiration. 
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If a balí of soil adheres to the roots, the tree may be set in the hole 
to the right depth and the soil thrown in and firmed down. But if 
the roots are bare, the tree should be carefully set down, the roots 
spread out, and the soil worked in among them with the hands, after 
which a generous amount of water should be poured on in order to get 
every root and rootlet in contact with the soil. 

The tree should nevěr be planted deeper than it was in the nursery. 
After the soil has been firmed around the roots the collar of the tree 
should stand at least 2 inches above the level of the field. The bed, 
extending about a foot around the tree, should then be made a few 
inches higher, with a hollow in the middle, in order to retain water. 
The tree should be watered, if necessary, during the first six to eight 
weeks after planting. A heavy mulch of grass or any other similar 
materiál applied immediately around the tree will help to preserve the 
moisture. 

CTTI/TIVATION AND MANTTBING. 

The amount and kind of cultivation required by a certain crop will 
depend chiefly upon the class of soil, in connection with the climatic 
conditions. 

The principál objects of cultivation are to aerate the soil, conserve 
the soil moisture, and destroy the weeds. When it rains the surface 
soil will be packed, preventing the air from coming in contact with the 
roots, as well as allowing the soil moisture to evaporate. By breaking 
and pulverizing the surface soil the capillary movement of the soil 
moisture will be arrested and evaporation checked. A large amount 
of growing vegetation will evaporate more moisture than the bare soil, 
and should therefore be kept down throughout the dry season, leaving 
all the moisture for the growing crop. 

Whenever the rainfall is sufficient to more than supply the growing 
crop, another crop of vegetation may be grown between the rows and 
plowed under later, thereby improving the physical condition and 
increasing the water-holding capacity. The crops best suited for 
"green manuring" are those belonging to the leguminous fauiily, as 
they are capable, when supplied with proper root bacteria, of obtain- 
ing nitrogen from the air and converting it into available plant food. 

In Florida, where oranges are grown on sandy soil and the rainfall 
not very evenly distributed, the groves are cultivated frequently 
through the winter and spring (the dry season), then in the early sum- 
mer, or at the beginning of the rainy season, the spaces between the 
rows are planted with velvet beans, cowpeas, or beggar weed, which 
is allowed to grow all sunimer. Often one crop is mowed and cured 
for hay and another crop will grow up. A small strip on each side of 
the tree is always cultivated and kept clean from weeds, even through 
the rainy season. Latě in the fall the land is plowed, turning under 
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all the vegetable materiál; this, however, not before the crop has 
wilted, as it is generally believed that the plowing under of a green 
crop is not favorable to plant growth. 

For cultivation, such iniplements as a toothed harrow, Acme harrow, 
spading harrow, and disk harrow are ušed, and the weeds are removed 
from around the trees with a hand hoe. 

Crops, such as corn, vegetables, and pineapples, are not generally 
grown in orange groves, as they deplete the soil of f ertilixing materiál 
necessary for the trees; and if heavily fertilized with organic nitrogen, 
such as is found in stable manure, dried blood, cotton-seed nieal, tank- 
age, etc., the orange tree is almost ture to contract the disease called 
"die-back." On Porto Rican soils it would also be safest not to use 
organic nitrogen in large quantities on orange trees until experimente 
shall háve shown the effect. 

working ovee old teess. 

As orange growing in Porto Rico progresses from the semiwild con- 
ditions of to-day to up-to-date methods, it will become more and more 
apparent that the seedling must give way to the budded tree, and the 
sooner the seedling tree is worked over the more profitable it will be 
for the grower. It may seem wasteful to cut down a large tree bear- 
ing a com párati vely good grade of fruit, but it is astonishing in how 
short a time the jsame tree will bear as large a crop of much finer fruit 
after working over. 

There are several methods of working over old trees, and all of them 
require considerable skill, though some require much less time than 
others. Among these are crown graf ti ng, top grafting, top budding, 
dormant budding, inarching, and bridge grafting. 

CROWN GRAFTING. 

In this method the tree is sawed off close to the ground, a scion of 
well-ripened wood 5 to inches long and about three-eighths inch in 
dianieter is then sharpened b\ T a slanting cut on one side, similar to a 
sprig bud, and inserted on the stump between the bark and the wood, 
with the cut surface against the latter. If a concave pláce on the tree 
is selected and the bark carefully loosened with thé budding knife it 
will stand the pressure of the scion without breaking and no wrapping 
will be necessary. On a large stump four to six scions should be 
inserted (PÍ. III, lig. 2), and the whole top covered with wet clay, 
after which moist soil should be heaped up around, leaving but one 
eye of the scion projecting (fig. 2). A small amount of trash on the 
top will prevent the soil as well as the scion from drying out. In 
three or four weeks the scion will start growth and most of the soil 
should be removed. This method is probablj T easier than any of the 
following, but more time is lost in making a new tree. 



Fiq. 1.— Tree Sawed Off fou Top Grafting. 



TOP OBAFTUfO. 

The top of the tree is sawed ofl abore the lowest branching, leaving 
a few i nebes of the lower límbs (Pí. IV, fig. 1) into which grafts may 
be inserted in a manner simílar to the one described above. The 
grafts inust be wrapped with twine oř waxed tápe and covered with 
a grafting wax oř a mixture of wet clay and cow dung." 

A better method for grafting in the top is cleft grafting (PÍ. IV, 
tig. 2). Here the limb is split through the center with a machete oř 
sharp knife driven in with a hammer to the depth of about 2 incheu. 
After withdrawing the knife a wedge should be inserted to keep the 
cleft open for the reception of the scion. The scion is then sharpened 
wedge-shaped by a slanting eut on each side, making one edge of the 
wedge a little thinner than the other. The wedge-shaped scion is then 



Fio. 2.— Gratta covered up. 

inserted into the cleft with the thinner edge of the wedge toward the 
center and the thicker side eren with the bark of the limb. This will 
bring the growing tissue of scion and stock in close contact, which is 
absolutely essential for successful grafting. If the limb is smáli, one 
scion only should be inserted, and the limb firmly wrapped with twine, 
after which the whole top should be covered with grafting wax. If 
the limb is 3 inches or more in diameter the wrapping may be dis- 
pensed with, as the preBsure will be great enough wíthout. 

" A good grafting wax may be made by melting together 2 pounde resiu, 1 pound 
beeswax, and ( pound tallow. The mel teti mixture ehould be poured into a pail of 
cold water, after which it may be pulled and worked until nearly wliite. For work- 
ing the mixture the hands should be greatted to pře ven t eticking, 
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TOP BUDDING. 

This method, while it requires more time, is after all the most satis- 
factory, as the new top will be formed in a verv short time. The tree 
should be pruned so as to form a verv open and sj T mmetrical head, 
often requiring the removal of more than half of the branches (PÍ. V). 
The pruning cut should always be clean and smooth and as close to 
the main branch as possible, in order that the wound may heal over 
and leave no unsightly scar. If a limb is chopped off with a machete 
and a stub of a few inches lef t, decay will usually gain entrance and 
the healing process will be slow. For pruning, the saw and shears 
(fig. 1) will be found very convenient. The cutting off of a large 
amount of growing wood will check the growth of the tree so as to 
tighten the bark, which will delay budding two or three weeks. Buds 
should therefore be inserted immediately after pruning. Often, how- 
ever, the bark on the older branches will not slip, even if the tree is 
growing vigorously, and another method of budding will háve to be 
emploved. 

DORMANT BUDDING. 

As the name indicates. budding may be performed while the stock 
is dormant. A vertical cut is made parallel with the tree, loosening a 
narrow slice of bark about li inches long. Then, with a horizontál 
cut, í inch of the top end should be removed, leaving a bare space on 
the stock i inch long and a flap at the lower end $ inch long. A shield 
bud is then cut in the usual way and inserted with the lower end under 
the loose piece of bark, by which it is held in pláce (PÍ. VI, fig. 1). 
In wrapping, the operátor should be careful not to displace the bud. 

In about three weeks the budded branches may be girdled above the 
union, after which all the young growth below should be removed 
every week until no more appears. When the buds reach a size of 
f inch in diameter the branches should be cut off with a slanting stroke 
close above the union, and the new tree will be formed. Such a tree 
will generally bear fruit two years after budding, and if well cared 
for will bear a large crop in four or five years. 

INARCHING AND BRXDGE GRAFTING. 

These two methods are seldom ušed in citrus propagation, but are 
often resorted to in čase of accidents to the tree. If the tree is girdled 
by ants or the bark becomes diseased it may be restored by bridging 
the wound either with scions or with sprouts from the roots. 

All the diseased bark should be removed and the edges of the girdle 
trimmed to healthv tissue. Scions of well-matured wood a few inches 
longer than the girdle should then be sharpened at both ends, cutting 
with a slanting stroke on one side. The ends should then be inserted 
above and below the girdle, through incisions made in the bark 
similar to those employed in shield budding (PÍ. VI, fig. 2). All the 
insertions should then be wrapped with cord and carefully covered 
with graf ting wax, and the exposed wood at the girdle should be cov- 
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ered with girdle paint, as described in Circular No. 4 a of this station. 

Whenever a tree with healthy roots becomes partly oř entirely girdled, 

sprouts will always spring up from tbe roots. Those sprouts wben 

young can be cut, bent, and inserted above the girdle, and will grow 

very readily if held in close contact with the stock. For that purpose 

it should be tied to the stock with a cord and a fine wire nail driven 

in at the point of insertion, af ter which it should be wrapped in the 

usual way. 

MARKETING. 

A casual glance at the market quotations will show that Porto Riean 
oranges seli for much less than the Florida product, and it would be 
interesting to know why. 

The commission man is apt to blame the packer, the packer will 
blame the shipping facilities as well as the grower, and the grower 
will blame them all. It should not be forgotten, however, that a great 
deal of blame rests with the grower himself. Most of the fruit 
shipped at the present time comes from seedling trees growing semi- 
wild within a few miles of the military roads or seaports. While 
some of the fruit is of extra good quality, a large percentage is 
inferior in flavor. The color is usually fairly good, but the peel is 
inclined to be rather rough. In picking, the stem is often pulled off 
and the fruit dropped to the ground. It is then transported several 
miles in sacks or baskete on horseback, or in bulk in ox carts, over a 
more or less rough road to the packing house. The packers do not 
always use the utmost care, and, of course, proper grading would be a 
difficult process under the circumstances. But more careful eulling 
would certainly be advisable. 

In shipping it takés at the present time from six to twelve days 
from the time of entering the steamer to the time of unloading, 
according to the port from which it is shipped. The ships háve no 
cold-storage facilities, and the fruit is stored with other classes of 
goods. The foregoing will readily show that the fault is not with the 
quality of the fruit, and if the picking, curing, packing, and shipping 
is properly doně, better prices may be expected. It will, however, 
require the best efforts of the commission man to overcome the pres- 
ent bad reputation. 

PICKING AND CURING. 

The fruit should nevěr be pulled off, but should be separated from 
the branch bj* clipping the stem about one-eighth of an inch above the 
fruit. The picked fruit should nevěr be dropped to the ground, but 
gatbered in a sack or cloth-lined basket carried by the picker, and 
should then be emptied into shallow boxes or baskets. The fruit 
should always be handled as carefully as possible, remembering that 
every bruise may cause decay. 

a Control of the Brown Ant in Orange Orchards. 
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The appearance of the frtiit when ready to piek will vary with each 
variety. It may be said, however, always piek before fully eolored 
up, but never so early that the f rnit will not ripen en routě, as a green 
orange will never seli well, regardless of other qualities. 

Picking should never be doně on a rainy dav nor in the morning 
before the dew has dried. The fniit should always be ''cured" (that 
is, the surplus water in the rind should be allowed to evaporate), 
which may be doně by storing in a well ventilated house. The ideál 
way for this drying would be to spread the fruit out on shelves or on 
the floor so as to facilitate evaporation. That, however, is not prac- 
ticable, as it neeessitates extra handling, which will bruise the fruit 
more or less*as well as inerease the amount of work. The boxes or 
basket* eontaining the fruit may be removed from the tield and stored 
in such a manner as to leave amplc room for ventilation. If the sur- 
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rounding air is fairly dry two or three days will usually be sufficient 
for curing; otherwise, more timc may be required. 

QBADIKa. 

Every variety of fruit should be kept separate. Seedling trees 
should be gradod aecording to the quality of fruit and given a number 
oř mark. All the trees bearing fruit of the samé quality should receive 
the samé mark. The fruit from trees with different marka should be 
kept separate through the subsequent processea, and may tben be 
packed Hke distinct varietíes. 



This work may be performed by maehines of more or less intricate 
construction. The simplest orange sizer (fig. 3) consists of a triangular 
box, open at one corner, which is set inelined with the open corner 



24 

downward. An inclined plane should then be made consisting of two 
smooth pieces of wood about 2 inches in diameter and about 4 feet 
long, resting on two pairs of legs 15 inches and 27 inches high. The 
pieces should be nailed at one end onto the longer pair of legs with a 
distance of 1 inch between, and at the other end onto the shorter pair 
with a distance of 6 inches between. This runway should be placed 
under the triangular box so that oranges dropping from the opening 
will roli down its incline until thej fall through. The distance between 
the pieces of the runway should be measured and every variation 
of i inch should be marked. The smaller fruit will drop through 
where the opening is approximately 2£ inches, and the very largest at 
4 to 4£ inches. Cloth-lined troughs should be placed underneath the 
sizer at intervals to catch the dropping fruit and convey it to boxes. 

PACKING. 

Oranges should be packed in boxes of standard size. The ones ušed 
in Florida are 12£ by 12£ by 27 inches, outside measure, with a parti- 
tion in the middle. The packer should carefully examine every fruit 
and discard any that is in the least bruised, discolored, or defomied. 
The fruit should then be wrapped in tissue páper, which is sold espe- 
cially for that purpose, and carefully packed in layers (fig. 4). The 
top layer should project about f inch above the sides of the box, which 
will make the packing solid af ter the cover is nailed on under pressure. 
Every box should be stencilled on the end, stati ng the number of 
fruit, the grade or variety, and, if possible, the páckeťs name and 
address. 



No fruit should be shipped out of Porto Rico unless it is of the very 
best quality and has been carefully graded and packed. A box of 
fruit generally sells in the market on the merit of the poorest speci- 
mens contained in it. A shipment of fruit does not, how r ever, always 
seli on its merit, but will often bring a good price, even if it is slightly 
inferior, because of its good name, attained through many years of 
caref ul grading and honest packing. Theref ore, grade closely, pack 
carefully, and ship no inferior fruit. 
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TOBACCO INVESTIGATIONS IN PORTO RICO, 

SEASON OF 1903-4. 



HfTEODUCTIOH. 

Before undertaking any tobacco investigations the writer made a 
a reconnaisance of the principál tobaceo-growing districts of Porto 
Rico and gathered from planters and manufacturers information 
relative to the methods employed in growing, curing, and fermenting 
tobacco. He visited the districts of Aibonito, Cayey, Cidra, Caguas, 
Agoas Buenas, Comerio, Arecibo, Utuado, Jayuya, and Yauco, spend- 
ing several days in each. In each of these places careful inquiry was 
made as to the local methods ušed in growing tobacco. At the time 
of these visits most of the tobacco had been sold to the manufacturers, 
but wherever possible samples of it were examined with reference to 
its several classes and the quality of each. Typical samples were 
also secured from each district for further study, and most of them 
were made into cigars and tested with reference to their appearance, 
flavor, aroma, and burning qualities. Samples of typical soil and sub- 
soil were also taken from each district for chemical and physical 
examination. The climatological conditions were also inquired into 
and a study made of the local weather records in order to better judge 
as to the best season for planting and especially for the curing of tho 
tobacco. A brief report of these preliminary investigations follows. 

METHODS NOW PEACTICED IN POETO EICO. 

METHODS OF PBEPABING SEED BEBS. 

• 

In Porto Rico the tobacco seed bed is most f requently made on high 
inclined land, although it is sometimes made on level lands, called 
"vegas." The high lands are more exempt from the depredations of 
insecte and especially from the " changa," or mole cricket, which bur- 
rows along beneath the surface of the ground and cuts off the plants. a 
On the hilly lands the preparation usually consists of burning over 
the ground and digging it up with a hoe. Some planters prefer stony 
lands for the seed beds, believing that they retain moisture best, 
although this is probably not the true cause of their value, as the 
stones would improve the drainage. If the land is not stony it is 
necessary to háve good drainage, and this is affected by cutting small 
ditches at a distance of about 1 meter from each other and running 
directly down the hill. The tobacco seed is sown on the elevations 
between the ditches. If level land is chosen for the seed bed it is 
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first plowed and the grass allowed to rot, after which the surface is 
leveled and the weeds removed with a hoe preparatory to sowing 
seeds somewhat later. The time of preparing the seed beds ranges 
from August 1 in some districts to September 1 in others. As a rule 
the seeds are sown about the close of August, and a second sowing of 
seeds is made from eight to fifteen days later, in order to háve later 
plants for replacing those that may die after the first planting in the 
field. The seed is simply scattered over the surface of the bed. The 
quantity of seed ušed varies in different districts, but is always very 
large. In from eight to twelve days after sowing the plants begin to 
show above ground and at this time the beds are carefully weeded. 
The work of weeding is generally doně by women and children, who 
also go over the beds every day and search carefully for worms and 
inseets, which they destroy. It requires from forty-fi ve to sixty days 
for the plants to acquire sizesuitabie to be transplanted to the fields, 
at which time they háve about eight leaves. 

FIELD PBEPAHATION AND PLANTING. 

Plowing is commenced, if on level or very slightly rolling land, 
generally in August; but some planters begin to plow in July, using 
the American moldboard plow, if they possess such, which is very sel- 
dom the čase. Often two or three neighbors combine to purchase 
one, thus saving a great deal in the cost to each. About a month 
after the dáte of the first plowing the land is gone over with the 
native wooden plow, which is much easier to handle. In October 
the land is plowed again, or gone over with a hoe. Some planters are 
now using the harrow (rastrillo). 

As a rule the planting is begun early in November, although in 
some localities the plants are set out any time from the end of Octo- 
ber until the end of February, as may best suit the convenience of 
the planter. 

It is said that the early plantings produce a larger percentage of 
wrappers, on account of the plants not being troubled by insecte 
biting holes, and the filler is milder. At Cayey the planters prefer 
to set their plants out latě in November and early in December, as 
they claim that tobacco planted at this time has more aroma. As to 
the number of plants per acre in a field there is a wide divergence of 
opinion. Some of the planters in the Plata district set the plants 16 
inches apart, with 24 to 26 inches between the rows. Others set them 
12 inches apart, with 36 inches between the rows. Setting 18 inches 
from plant to plant and 36 inches between the rows is also practiced. 
Others again plant very irregularly, having no stated distance between 
the plants, in some cases filling the spaces between the plants with 
corn and beans. No instances are known where tobacco is planted 
with the speciál object of producing wrapper or filler. The usual 
method is to wait until the time of harvesting to classify the tobacco, 
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whether wrapper oř filler, etc. If the soil is soft the transplanting is 
doně by band; but if it is hard, the work is generally doně with a 
hoe or a big knife called a "machete." No care is taken to set the 
roots quite straight in the ground, and it has been observed that the 
tap root has been placed in the hole in such a way that it was com- 
pletely doubled upon itself. The young plants are pulled out of the 
seed bed by hand, often without any rootlets and frequently with 
the tap roots broken off. In setting the seed plant they generally 
také it in the left hand, pláce the root in a horizontál position in a 
hole prepared by one stroke of a hoe, and then press a piece of hard 
earth on the roots, covering the hole with earth and leaving only a 
few of the leaves above the ground. Other planters set the plants 
too shallow, leaving the greater part of the stem of the plant exposed. 
Some planters make rows with a native wooden plow and set the 
young plants out in the ridges thus formed, while others, on the con- 
trary, pláce them in the furrow made by the plow. Within fífteen 
or twenty days after transplanting the first cultivation or hoeing is 
undertaken, and from ten to fífteen days later a second hoeing is 
given, at each hoeing a little earth being thrown around each plant. 
If necessary the fíelds are hoed and weeded again, but usually 
this hoeing and weeding is doně only twice. Cultivation and hoeing 
is generally doně too deeply and too near the plant, no fear being 
felt of damaging the roots. It is believed that considerable damage 
results from the practice, owing to dísturbing the plants' connection 
with the soil and destroying or injuring the feeding roots. 

TOPPING. 

Topping consists in pinching off the terminál bud and leaving the 
requisite number of leaves. This takés pláce from fořty to sixty days 
after transplanting, and opinions differ greatly as to the number of 
leaves to remain on the plant. Some planters at Cayey leave from 
8 to 20; at Caguas, from 15 to 20; at Utuado, from 12 to 16; at 
Jftyuya, from 12 to 14; but a majority of the planters in all districts 
leave from 10 to 12 leaves and do their topping as soon as it is possible 
to pinch off the button flower. The object of low and early topping is 
to obtain larger and heavier leaves. The practice of low topping and 
latě harvesting is attributable to the fact that during the Spanish 
régime, prior to 1898, the market demands were for a dark, heavy 
leaf containing a large amount of nicotin. The American market, 
which now uses most of Porto Rico's tobacco, demands a light, thin, 
mild leaf, and the systém of topping and harvesting should be changed 
in order to meet the new demand. After topping, a great number of 
suckers appear on the plant, which are taken off usually at intervals 
of from four to eight days, until harvesting begins, which takés 
pláce from three to three and a half months after planting. After 
topping, many planters weed and cultivate again. 



12 

HARVESTING. 

About thirty to fořty days after topping the leaves begin to ripen, 
which is shown by their turning yellow. When this is observed the 
plants are cut close to the ground. This cutting is doně almost 
every where when the plant is overripe. If the stalk is of a yellowish- 
brown or brownish-yellow color at the point of the cut the planter 
is assured that the crop is ready for harvest. Sunny or hot days 
are chosen for harvesting, as it is believed that the plants retain 
the gum better than on cloudy or eool days. After cutting, the plants 
are laid on the ground until wilted before being taken to the curing 
shed. They are transported from the field by taking a bunch in each 
haud (about fíve plants or more to each handful) or by binding a 
larger quantity on a pole, which is carried on the shoulder. Unless 
great care is taken in the cutting and carrying many leaves are torn, 
which diminishes the yield of wrappers. The plants are hung together 
the first day and then separated, each plant being hung singly. How- 
ever, most planters hang them too close together, which is especially 
damaging when damp weather follows. 

A few planters follow the Cuban systém of harvesting, as they caU 
it, which is as follows : When the yield of the so-called wrappers is 
large the leaves are cut from the top down in pairs and are hung 
across a man's arm. When ten or more pairs háve been so placed 
they are slipped off on a pole of about 4 yards in length, which, as 
soon as íilled, is taken to the curing shed. 

After the tobacco is cut earth is thrown over the stubble in prepa- 
ration for the second crop. Sometimes this process is repeated for a 
third crop, which is of a very inferior quality. For the second and 
third crop less care is taken than for the first. 

DISEASBS AND INSECTS. 

Almost nothing is doně in the way of protecting the young plants 
from insects and diseases peculiar to them, which are much the samé 
as those which attack tobacco plants in the United States. The only 
method followed is to háve women and children go over the plants in 
search of insects. To protéct the young plants against the mole 
cricket (changa), which is especially destructive in loose soils, it is a 
common practice to wrap a leaf of the mamey or mango around the 
stem of the plant when it is set in the field, allowing the upper edge 
of the leaf to project a little above the ground. The use of Paris 
green, Bordeaux mixture, and other poisonous sprays in this connec- 
tion is unknown. 

CTXBINO SHED. 

After harvesting, the tobacco plants are taken to the curing shed to 
be cured and dried. The tobacco sheds in Porto Rico consist of 
wooden f rames, with roofs of dried grass and sides covered with palm 
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leaves to shelter the tobacco from the elements. Many of them are 
f rom 36 to 120 feet in length. In generál, no thought is given to ven- 
tilation or to the situation of the curing shed with reference to the 
sun, wind, and rain. Openings with shutters for regnlating the inside 
conditions were not seen except in a single instance, which was on 
the plantation of a large American company. It may be said that 
the results of tobacco curing in Porto Rico depend exclusively upon 
the weather conditions. Nothing is doně to prevent pole rot and 
drying out of the leaves before the color changes, so that good 
tobacco often loses its quality (elasticity, color, etc.) through bad 
treatment. Tobacco was seen hanging in stables, kitchens of houses, 
dwelling rooms, and sheds of which the sides were entirely open. 

OTJBINO AND FEBMENTATION. 

Many planters follow the practice of allowing twenty-one days for 
the curing of the tobacco. The piants are then placed in piles 
between green plantain leaves, without removing the leaves from the 
stalk, and allowed to remain from one to seven days, according to 
the locality and circumstances, with the object of producing the first 
fermentation and making the tobacco moist enough to strip. The 
leaves, after stripping or removal from the stalks, are separated into 
different classes, termed "capas," "tripas y capas," "tripas," and 
"boliches" — i. e., wrappers, fillers and wrappers, fillers, and the bot- 
tom or sand leaves. Sometimes these are again divided into first 
and second grades. They are then tied into bundles. 

To ferment the tobacco some planters pláce it in this form in 
wooden cases, under heavy weights, for a period of about three 
months, after which a further classification is made, the leaves tied 
into hands, and baled. If the tobacco has been placed in the boxes 
in too moist a condition it very often rots; on the other hand, if it is 
too dry, it does not sweat enough, and consequently is of inferior 
quality. However, manufacturers work this unfermented stuff into 
their product, causing many of the cigára to háve a green or acrid 
taste. Some planters make it a practice to open the cases and venti- 
late their tobacco once a month for a period of three months or even 
longer, in order, it is claimed, to obtain a better quality of leaf . 

Other planters pláce the tobacco in sheds, hanging the piants from 
4 to 5 inches apart, and allowing them to remain from twenty-two 
to fořty days. The heavier piants are allowed to hang longer than 
those of a lighter weight. The leaves are then taken from the stalks 
without separating them into different grades, such as top, middle, 
and bottom leaves, excepting the " boliches," (the inferior damaged 
bottom leaves, which are kept separate). The leaves are then made 
into " hands" of about 80 to 100 leaves, and placed in round piles 
from H to 2 yards in height and 2 yards in diameter. Qreen plan- 
tain leaves are placed under each pile and the whole covered with 
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them. The temperature is only ascertained by inserting the hand 
into the pile; if the pile becomes too heated it is taken apart, and 
after the tobacco has oooled off is remade. The pile generally 
remains in this condition from ten to twelve days, after which the 
tobacco is placed in wooden boxes for from fif teen to twenty days. 
When taken from the boxes it is graded into " capas," " tripas," and 
"capas y tripas," i. e., wrappers, fillers, and wrappers and fillers. 
After classification it is wrapped in green plantain leaves and again 
placed in boxes. If the tobacco is light, heavy weights are placed on 
it to help the process of fermentation. In from thirty to sixty days 
(about Apríl or May, as the čase may be) the tobacco is ready for use. 
Other planters use about the samé method, except that the heavier 
tobacco is placed in piles 5 meters long by 3 meters wide and 1£ 
meters in height, while with the lighter grade tobacco the height of 
the piles is increased to 2 meters. In building the pile a hole for 
ventilation is left in the raiddle of it. The piles containing the heav- 
ier leaf necessarily contain much tobacco of lighter quality, and the 
reverse is trne of the piles of lighter quality on account of the top, 
middle, and bottom leaves not having been kept separate. After 
from six to eight days these piles are tom apart and remade; this is 
repeated in about twenty days, the latter piles being allowed to stand 
until June or July. The tobacco is then classifíed as follows: 

Cla88tftcation of Porto Rioan tobacco, 

Light wrapper— Capa fina clara. 
Dark wrapper — Capa oscura. 
Light wrapper and fíller — Tripa y capa clara. 
Dark wrapper and fíller — Tripa y capa oscura. 
Heavy fíller, fírst length— Tripa prímera calidad. 
Heavy fíller, second length— Tripa segnnda calidad. 
Fine fíller, fírst length— Tripa primera fina. 
Fine fíller, second length— Tripa segnnda fina. 
Ordinary — Tripa ordinaria. 
Sand leaves — Boliches. 

In another locality a pile was seen about 2 meters in height and 3 
by 4 meters in diameter. This pile was allowed to remain until July. 
The tobacco was then moistened and classifíed. The outside leaves 
were quite "green" and the inside oversweated. Sóme parts of the 
pile were, more by accident than good management, cured just right. 

Another method ušed by very few planters consists of making piles 
of from 2,000 to 5,000 pounds. After stan ding frpm six to eight days 
they are torn down and rebuilt. After another period of eight days 
these are again torn down and remade into piles of from 4,000 to 6,000 
pounds each, which are allowed to stand one or two months. When 
the piles show signs of becoming too heated they are torn down a ad 
rebuilt. The tobacco is then baled, the bales containing all classes of 
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Ieaves. The classification is made by merchants after a further 
period of sweating extending over about a month, and is as follows: 

Wrappers — First, second, and third sizes— light and dark. 
Fillere — First, second, and third sizes— light and dark. 

Some planters, endeavoring to secure light colors, make their fer- 
menting piles long and very narrow — the width of only two hands — 
thus preventing as much as possible a rise in temperature. This 
method retains the light colors, but results in little oř no fermenta- 
tion, thus rendering the tobacco unsuitable for market on account of 
its green and bitter taste. Neither can it be safely put in the ware- 
house, because of its being unfermented. 

SEED PBODUCTION. 

In all cases tobacco seed is grown from the so-called sucker oř 
second crop. No care whatever is taken of the seed plants, and all 
plants which flower, good as well as degenerated, are permitted to 
produce seed. When the seed capsules become dark brown they are 
cut from the plant and exposed for a day or more to the hot sun in 
order that they may become thoroughly dried. Such an irrational 
method of producing seed, with no attempt whatever at selection, is 
sufficient to explain why such large amounts of seed are required to 
produce a few good plants. A considerable part of such seed will not 
germinate, and of that capable of germination much is from degen- 
erated plants and gives rise to seed plants having many undesirable 
qualities. It furthermore gives rise to many plants which lack in 
vigor and which may in part explain the fact that planters háve to 
repeatedly reset plants in the field. As a result of this method of 
seed production one will íind, upon inspection of the tobacco fields, 
leaves of all kinds, sizes, and shapes, many of which are undesirable 
for anything but filler purposes. (See frontispiece.) 

IRRIGATION. 

Irrigation is not practiced in tobacco culture in Porto Rico. 
Droughts frequently occur in Porto Rico which cut short the tobacco 
crop, and there is no doubt that where sufficient water can be secured 
irrigation of tobacco would prove proíitable. 

DRAINAGE. 

Drainage is practiced in some localities by making ditches on the 
hilly lands above the tobacco, thus diverting the water and prevent- 
ing an overflow of the fields. In the level lands the drainage methods 
as now practiced could be very much improved. In many parta of 
the island tobacco fields suffered severe losses during the season 
1903-4 from standing water in the fields. Last year and the preced- 
ing one were quite dry, and tobacco crops suffered from drought. Thia 
15479— No. 5—05 3 



shows the necessity of providing both drainage and irrigation in order 
to fortify against unfavorable climatic eonditionB. 

TKXTUKB OF TOBACCO BOHA. 

Samples of soils nad subsoils were taken from nearly every district 
visíted, and a portion of these were transmitted to the Bureau of Soils, 
United States Department of Ajíriculture, for mechanical analyses. 
The followingtablegivesthe results of the analyses, aDd indebtedness 
to the Bureau of Soils is li e re by acknowledged for its assistance in tliis 
matter: 

JUecliaiiical analyseg of soils and tnbsoih from typical tobacco fieldt in several of 
the principál tobacco-grotcing dtitrieU of Porto Rico. 
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An inspection of the samples at the time they were taken showed 
that, as a rule, the textuře was too heavy, as compared with the 
standard of typical tobacco soils in the United States, for the produc- 
tion of high-grade cigár tobacco and cigár wrappers. A study of the 
above table brings out this fact even more strongly than did the mere 
inspection. It will be seen that, with but two exceptions, the per- 
centages of clay and silt are quite high. 

Under the old régime of tobacco production in Porto Rico, the fact 
that the tobaccos produced were as a rule rather coarse, dark in color, 
and too heavy to meet the market demands in the United States, is 
attributable largely to the heavy textuře of the soil. 

The sample of soil from Caguas shows about half as much silt and 
clay combined as those from most of the other districts, and it was 
observed that in this district as a rule the tobacco is lighter in struc- 
ture, textuře, and color than in the other districts. This tobacco, 
however, is inferior in flavor and aroma to that from Cayey and 
Comerio, and it is therefore thought that the district might be largely 
devoted to the production of a wrapper and binder leaf . By improved 
methods of topping, harvesting, curing, and fermenting it is believed 
that this could be accomplished in the Caguas district, even without 
the use of shade. 

The Arecibo soil, which contains a comparatively low percentage 
of silt and clay, has a textuře which would designate it as an excellent 
tobacco soil, especially for the production of a wrapper leaf. As a 
matter of fact, the tobacco from this district has no aroma, a poor 
taste, and does not burn so well. This poor quality is probably 
attributable to the fact that the district is located near the seacoast 
and swept during the greater part of the time by the trade winds, 
and al80 that the soil contains very little organic matter, which it 
would be important to increase by the use of green manures. 

The trade winds coming from across the oceán are laděn with mois- 
ture containing traces of chlorin, which in time possibly causes an 
increase in the chlorin content of the soil. It is well known that the 
presence of very small amounts of this element has a detrimental 
effect on the burning qualities of the tobacco. 

Experiments at Aibonito on soils that contained 31.08 and 33.70 
per cent ot clay háve shown that it is possible, through the shading 
of the tobacco with cheese cloth and by the application of improved 
methods of harvesting, curing, and fermenting, to produce tobacco 
yielding a high percentage of excellent wrapper leaves, possessing 
the qualities of fair combustibility, good elasticity, uniform color, etc. 

It was noticed in the first experiments, however, that some of the 
leaves of this tobacco were too thin and would not keep long in the 
warehouse without more or less deterioration. The veins of the leaf 
in this čase were rather too heav\*, especially in those leaves with 
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very thin body, and consequently were too prominent when wrapped 
in cigars. 

It thus becomes very desirable to breed a speciál type of wrapper 
leaf for shade growing and outside growing, and also a speciál type 
of filler tobacco. Such types would undoubtedly greatly increase the 
value of the Porto Rico tobacco crop. 

EXPEBIMEHTS IH GROWIHG, CTJRIHQ, AHD FEBMEHTIH0 

TOBACCO. 

As a result of the above-described preliminary investigations it 
was concluded that Porto Rico presents very favorable conditions 
for the production of considerable high-grade tobacco, but that the 
extension of such a business would necessarily be confined to suit- 
able soil areas and favorable climatic environments. The investiga- 
tions also show that for the most part the methods employed by the 
planters are primitive, and that there is great need of their adopting 
more up-to-date methods. It was decided, therefore, to undertake 
experiments with growing, curing, and fermenting tobacco. 

Owing to the limited f unds available for this work it was necessary 
to arrange for cooperation with an interested tobacco grower. Such 
an arrangement was entered into with a planter near Aguas Buenas, 
the latter giving the use of land, labor, buildings, and materiál, in so 
far as it did not interfere with his regular business. The facilities 
offered by the equipment of the ordinary planters are, at the best, in 
many ways unsatisfactory for experimental purposes, and because 
the funds available would not permit the necessary modification of 
these conditions some of the experiments undertaken failed. A 
report of such of the work as is of value f ollows : 

SEED-BED EXPERIMENTS. 

Several seed beds were made, each 3.5 feet wide by 18 feet long. 
The earth was raised a few inches above the generál level in bed 
form, and the sides of the beds supported by old boards or poles. 
One haif of the beds was shaded by a removable straw shade and 
the other half remained without shade. The shade was supported 
on poles about 4 feet above the beds. (PÍ. I, figs. 1 and 2.) 

Imported Habana, Connecticut Habana, Florida Sumatra, imported 
Sumatra, and Porto Rico seed were sown, each in a separate bed, 
half with shade and half without. The records show that the seeds 
in the shaded portion of the beds came up from two to four days 
earlier than those in the unshaded portion. 

After the plants were all well up the straw shades were removed 
for a short time each day early in the morning and latě in the after- 
noon. The time of exposure was gradually increased, and eventually 
the plants were shaded only from 10 a. m. to 3 p. m. A few days 
before transplanting to the fields the shade was removed and the 
plants exposed throughout the day in order to toughen them and 
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better enable thein to stand the sun when transplanted. It was 

observed that while the plants in the shaded portion of the beds 

earae up earlier and looked healthier during the first three weeks, 

after that time those without shade looked the better and were 
íinally more vigorous and larger. 

The advantage of the shade is in reducing evaporation and thus 
enabling the seeds to germinate quicker and more perfectly, and also 
that it protects the beds from washing by heavy rains. It often hap- 
pens, as it did in 1003, that many seed beds are entirely destroyed by 
heavy rains, either by washing away the seeds before they germi- 
nated oř by washing out the plants when quite sinali. 

Cloth shade was also tried, and seemed to serve better than the 
straw (PÍ. I, figs. 3 and 4). The cloth shade was less dense than 
that of straw, and, while it allowed most of the rain to pass through, 
it served as a regulátor by breaking the fall of the rain and thus 
preventing washing. 

It is believed that straw shading offers sufficient protection against 
washing of the seed beds alone to justify its construction, and that 
in practice it would be well to dispense with it as soon as the plants 
are well established and all danger from washing is past. 

Another seed bed was divided into five plats and each covered with 
a different eolored cloth, the- colors being white, green, blue, yellow, 
and red. Experiments in France on lettuce and other plants, when 
growing under different eolored glass, háve shown that plants develop 
very differently as a result of such treatment, and it was thought that 
this experiment might indicate something of value in relation to the 
growing of wrapper leaf under cloth. Unfortunately the seed ušed 
on these plats was poor, being imported Cuban seed, which seems to 
be very unreliable if bought in the open market, and only a few 
plants were secured, so that no data of any importance were obtained. 

Soon after the tobacco plants in the seed beds had come up numer- 
ous burrows were noticed, which indicated the presence of " changas." 
These galleries or burrows were treated with a solution consisting of 
1 part of kerosene to 14 parts of water. Openings were made in the 
burrows at f iequent intervals and a small amount of the solution put 
in. This treatment was repeated two days later, after which no 
plants were destroyed. 

The plants also appeared to be suffering from some disease and 
were therefore sprayed with a dilute solution of Bordeaux mixture. 
This treatment seemed to be very beneficial, and after a few days no 
more diseased plants appeared. Bordeaux mixture is especially valu- 
able as a seed-bed spray because it is a remedy for many diseases that 
oceur on young tobacco plants. a When the plants turn yellow in 

« A deseription of the flea beetle, tobacco worm, leaf miner, ctitworm, and other 
insects affecting tobacco, together with remedies for their extermination, is given 
in Farmers' Bnlletin No. 120, U. S. Department of Agricnlture. See also, Porto 
Bico Sta. Bnl. 2 on the Changa or Mole Cricket. 
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color it indicates that the soil is too wet oř that íhere is a lack of plant 
food. In the former oase better drainage should be provided. By 
elevating the seed beds, as above described, there is no trouble f rom 
excess of water. When there is a lack of plant food it is well to apply 
an extract of barnyard manure oř cotton-seed meal. This niay be 
applie<l as a spray, using care to not get the solution sufficiently con- 
centrated to burn the plants. 

TRANSPLANTTNG. 

Experiments in niethods of transplanting were made both ontside 
and under cover. A comparison was made outside between plants 
partially shaded during the ťirst ten days after planting and those 
with no shade. For shading, mamey and mango leaves, both every- 
where common in Porto Rico, were ušed. A leaf was placed 1 to 2 
inches south of each tobacco plant, and by inserting the petiole in 
the ground and inclining the top of the leaf toward the plant, this 
shielded it from the direct rays of the sun during the hottest part of 
the day. Five rows of 89 plants each, or 445 plants, were protected 
with shade, and an equal number of rows and plants adjacent were 
planted at the samé time without shade. Of the protected plants 125 
died and were replanted, and of the unprotected 300 died and were 
replanted. At the time of harvesting the protected plants showed 
much greater uniformity in growth than the unprotected ones. 

In Děli, Sumatra, it is a common practice to shade the plants by the 
use of small, thin, paddle-shaped boards, the small end being stuck 
into the ground to keep them in proper position. Such small boards 
will last for a long time and may be repeatedly ušed year after year. 
By reducing the numbers of plants necessary to reset, the crop is made 
more uniform, easier to harvest, and of greater value. It is believed, 
therefore, that this simple method of shading the young plants is 
practicable in Porto Rico, especially so if planting is to be doně 
during periods when dry weather and sunshine prevail. 

A trial was also made to ascertain the effect of mamey leaves as a 
protection against cutworms and mole crickets. Of 300 plants 
wrapped in mamey leaves 200 died and had to be replanted, and of the 
samé number unprotected 220 died. The mamey leaves were formed 
into cylinders, with the edges slightly overlapping, and placed in the 
ground with the roots and stem of the plants inside. Care should 
be taken to pláce the leaf no deeper in the soil than is necessary to 
prevent the crickets from burrowing beneath. While the mamey 
leaves make successful barriers against the crickets they are prob- 
ably somewhat detrimental to the early growth of the plants, because 
they confine the upper roots of the plant aňd also because water from 
rains collects within the leaf and escapes very slowly, thus sometimes 
injuring the plants. In both of the above experiments the planting 
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was doně by native workmen and in their usual manner. The plants 
were from unselected native seed and showed considerable variatiou 
in size and vigor. It is due chiefly to these two factors that so large 
a number of the plants in all cases failed to survive the process of 
transplanting. 

Under the cheese cloth another experiment was tried to aseertain 
the effect of better planting. On one plat 1,700 plants were eare- 
fully set out, the roots being placed straight in the holes, and moist 
earth in all cases pressed firmly around them. The following day 
each plant was watered. Another plat of 800 plants was planted in 
the usual native way. The results of careful planting were very 
marked, only about 5 per cent of the plants being lost, while with 
those planted in the usual manner the loss was much greater. The 
natural conditions, however, were more favorable to those which were 
carefully planted, so that a fair comparison could not be made. 

There is no doubt that by a careful selection of seed from hardy 
plants, and by using only that portion of it which has good vitality, 
plants will be produced that will stand the process of transplanting 
with much less loss, and that this loss can bestili further reduced by 
better methods of transplanting, such as shading the young plants 
from the sun, protecting them from cutworms and mole crickets, and 
by carefully plaeing the roots in the soil and watering when dry. By 
avoiding as much as possible the replanting of the fields the crop is 
made more uniform, easier to harvest, and more valuable. (PÍ. II.) 

VALÍTE OF SHADE FOR PRODTJCING WBAPPERS. 

It was planned to make a careful comparison of the cost of pro- 
duction and value of shade-grown tobacco with that grown outside, 
but under otherwise similar conditions. 

Four-elevenths of an acre was planted under shade November 21, 
1903, and at about the samé dáte 2 acres were planted outside. Very 
heavy rains occurred just after planting that outside, and a large 
part of the first planting was washed out. The delay in replanting 
and other uncontrollable factors interfered to such an extent with 
the outside crop that it was not worth while to carry out the com- 
parison. The shade-grown tobacco was carried through to the finish 
and a careful record kept of it. Owing to delay in getting a curing 
shed ready for this tobacco it was harvested in an overripe condition, 
and for this reason many of the bottom leaves were lost. A short 
time before the leaves began to ripen a disease appeared on them, 
which gave rise to numerous whitish and brown spots. It spread 
very rapidly, and at the time of harvesting nearly all leaves were 
affected and many of them so badly damaged as to make them use- 
less for wrappers. 

Some of the diseased leaves were sent to the United States Depart- 
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ment of Agriculture for examination, and the Pathologist reported as 
řollows : 

The leavee all appear badly infected with fungus Ascochyta nicot tance. To the 
b?st of my information this fungus has not as yet been found within the limita of 
the United States proper, and we háve nevěr heard of its previous occurrence in 
Porto Rico. In past years several reports of its occorrence háve been made from 
varions pointe in Italy. These reports, however, háve been very meager, and we 
know very little concerning its destrnctive nátuře and practically nothing con- 
cerning the methods of control. Judging from the specimens of leaves submitted, 
it "wotild appear to be a rather serious disease, and great care should be taken to 
prevent its spreading into other places. 

It is quite possible that judicious fertilizing would increase the 
vigor of the planta and render them less susceptible to the disease. 
The use of a fertilizer containing a rather large percentage of potash, 
and, if the soil is soggy, careful attention to drainage, might be bene- 
ficial. Diseased leaves and all refuse from a diseased crop must be 
burned. 

Some of the results obtained in the experiments are suniinarized as 
f ollows : 

Resnlts of harvesting 5,300 plants, or four-elevenths of an acre, of shade-grovrn 

tóbaceo.a 

Ponnds. 

Weight of cnred leaves 330 

Weight of fermented leaves 287 



Loss in f ermenting 43 



Wrappers: 

Dark 36 

Medium 44 

Fine 42 



Total 113 



Small, medium and fine 5 

Partly spotted, medium and fine 7.5 

Resago, medium and fine 57. 5 

Quebrado 31 

Total 101 



Fillers: 

Light . 43 

Heavy 31 



Total 



Yield of four-elevenths of an acre 287 

Yieldperacre 789 



" It should be remembered that this was a diseased crop and not a fair example. 
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Valíte of the crop by classes and cost of production. 

26 pounds wrappers, dark, at $100 per 100 pounds $36. 00 

44 pounds wrappers, medium, at $250 per 100 pounds 1 10. 00 

42 pounds wrappers, fine, at $250 per 100 pounds 105. 00 

5 pounds wrappers, small, at $35 per 100 pounds 1. 75 

74- pounds wrappers, partly spotted, at $75 per 100 pounds 5. 63 

57 A pounds wrappers, resago, medium and fine,<* at $60 per 100 pounds ... 34. 50 
31 pounds wrappers, quebrado, medium and fine,& at $16 per 100 pounds. . 5. 56 

43 pounds filler, light, at $9 per 100 pounds 3. 87 

31 pounds filler, heavy , at $12 per 100 pounds 3. 72 

Total 296.03 

Approximate cost of production r .... 250. 00 

Net profit 46.03 

In the above statement the values were placed on the various grades 
by the planter with whom cooperation was carried on and who is 
also a manufacturer of cigars. 

The statement shows that there was a shrinkage in weight of 13 per 
cent during fermenting and that, notwithstanding the very unfavor- 
able conditions, there was a net profit of about #46 on the four- 
elevenths of an acre of shade-grown tobacco, or $126 per acre. 

The greater part of the so-called " resago" and "quebrado," as 
well as part of the filler, would háve been classed as good wrappers 
if it had not been damaged by disease. The large and nuinerous 
spots on the leaves reduced their elasticity and made them easily torn, 
so that they could not be ušed as wrappers. 

During the season of 1902-3 the writer planted a small area of 
tobacco under shade in the vicinity of Jayuya. The plants were set 
in rows 3 feet apart and 1 foot apart in the row, there being 2,200 
plants on approximately two-thirteenths of an acre. After curing, 
this tobacco was fermented in the warehouse of a tobacco company 
at Aibonito, and was sorted and graded by the company in their 
custoraary manner. The results were as f ollows : 

Yield of shade-grown tobacco of different grades. 

Pounds. 

Light red wrappers _ 25 

Light green wrappers _ . , 18 

Medium red wrappers 26 

Medium green wrappers _ 65 

Dark wrappers _ 30 

Sumatra wrappers 7 

Total 171 



« Spotted leaves, part of which can be ušed for wrappers. 
& Leaves most of which can be ušed for binder and filler. 
*Includes all ezpenses on the established tobacco farm. 
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Pounds. 

Tripa capa clara 14 

Tripa capa negra 22 

Total 36 

Tripa 21 

Yield of two-thirteenths of an acre 228 

Yield per acre 1,482 

SainpLes of the light and medium wrappers were valued by cigár 
factories in San Juan at *2.50 and $2, respectively, and one large fac- 
tory offered $1.50 a pound average. 

As a result of these experimente and observations in regard to larger 
areas that háve been grown under shade in Porto Rico it may safely 
be said that shading increases the yield, quality, and percentage of 
wrappers sufficiently to make shading a profitable business, provid- 
ing it is practiced onlj T on soils suitable for growing wrappers and the 
erop is given the best of care throughout its growth and further treat- 
ment in curing and fermentation. 

EXPEBJMENTS WITH FERTTLIZKRS. 

It was planned to try the effect of fertilizers at both Aguas Buenas 
and Aibonito, but uncontrollable circumstances prevented the work at 
the first-named pláce. At Aibonito, however, seven -jVacre plats 
were laid out and treated as follows: 

Pian offertilizer experiments. 

Plat No. 1.— No fertilizers. 

Plat No. 2. — 20 pounds sulphate of potash, 60 pounds acid phosphate. 

Plat No. 3.— 20 pounds sulphate of potash, 20 pounds nitráte of soda. 

Plat No. 4. — 60 pounds acid phosphate, 20 pounds nitráte of soda. 

Plat No. 5. — 60 pounds acid phosphate, 20 pounds sulphate of potash. and 

20 pounds nitráte of soda. 
Plat No. 6. — 60 pounds acid phosphate, 20 pounds sulphate of potash, 20 

pounds nitráte of soda, and 200 pounds lime. 
Plat No. 7.— No fertilizers. 

The plats were all planted on the samé day, and at a later dáte each 
plat was photographed for the purpose of recording the differences 
in growth, which in some cases was very marked. Even the least 
affected of the treated plats showed a small increase in growth over 
the untreated. By comparison, plats 2 and 4 were f ound to be equally 
good, but much superior to No. 1, which had no fertilizer. No. 3 was 
much inferior to Nos. 2 and 4, but slightly better than No. 1. This 
showed that the sulphate of potash and nitráte of soda combined had 
very little effect, and that acid phosphate when combined with either 
of the others separately gave a marked effect. It seems, therefore, 
that for growing tobacco on this soil acid phosphate as a manure is 
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far more efficient than sulphate of potash and nitráte of soda com- 
bined. This conclusion is further einphasized by comparing plats 3 
and 5, the latter having acid phosphate in addition to the sulphate of 
potash and nitráte of soda, which No. 3 has, and showing a very 
marked increase in growth over No. 3. Since plat No. o is very little 
better than Nos. 2 and 4, it further emphasizes the conclusion arrived 
at by comparing Nos. 1 and 3 — i. e., that nitráte of soda and sulphate 
of potash háve had very little effect on the growth of tobacco on this 
soil. Plat No. 6, to which 200 pounds of lime was added, showed no 
improvement over No. 5, which was otherwise treated the samé. 
(PÍ. III, figs. 1 to 4; PÍ. IY, figs. 1 and 2.) It was hoped that further 
valuable results would be obtained by keeping each plant separate 
through the harvesting, curing, and fermenting, thus obtaining the 
effect of the different fertilizers upon the actual yield and quality 
of tobacco. It was not possible, however, to carry out the last part 
of the experiment. 

So far as the experiment was carried it indicates that the appro- 
priate fertilizer for tobacco on this field is one containing a large 
amount of acid phosphate and smaller amounts of nitrogen and potash. 

The experiment is an example of what any planter can easily try 
for himself, and as the question is put to the soil of his own estate 
and the answer given in the effect upon the crop he is growing, the 
result can not f ail to be far more satisfactory than any chemical exain- 
ination that could be made. It should also be recognized that what 
may give excellent results on one soil may fail altogether on another. 

The writer had under observation another field, part of which was 
treated with cotton-seed meal at the rate of 2,000 pounds per acre, 
and another part given a iiberal dressing of compost containing horše 
manure, vegetable matter, and tobacco stems. The compost was 
applied about three weeks before planting and the cotton-seed meal 
the day before planting. The plants given cotton-seed meal grew 
more rapidly, especially during their early life. It is probable that 
the ingredients of the cotton-seed meal were immediately available, 
and in čase of the compost, which was not well decomposed, they 
were not. 

The application of fertilizers is a question which has received very 
little consideration in Porto Rico, but it is an important one, espe- 
cially in relation to tobacco growing. It may be pardonable, there- 
fore, to quote briefly from other sources. 

According to analyses reported by R. J. Davidson, of the Virginia 
Agricultural Experiment Station, the entire plants of a tobacco crop 
yielding 1,000 pounds of leaves per acre contain 66.85 pounds of nitro- 
gen, 8.68 pounds of phosphoric acid, and 85.41 pounds of potash. 
The leaves of such a crop contain 44 pounds of nitrogen, 5.89 pounds 
of phosphoric acid, and 58.19 pounds of potash. The parts usually 
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removed from the soil, the leaves and stalks, contain 58.9 pounds of 
nitrogen, 7.72 pounds of phosphoric acid, and 77.86 pounds of potash." 

This shows that the larger part of the fertilizing constitnents is 
found in the leaves and stalks, and emphasizes the exacting charac- 
ter of the demands of the tobacco plant on the soil and the importance 
of returning to the soil all of the stalks and roots. 

In several places it was noticed that planters in preparing tobaeeo 
ground for a future crop had thrown out of the field all of the roots 
and stalks of the tobacco, a practice that would not háve been per- 
mitted had the planters appreciated their value. It was also noticed 
that beans were harvested by cutting and removing the whole plants 
from the field. As this crop belongs to the leguminous family, and 
through the agency of the tubercles on its roots has the power to utilize 
free nitrogen from the air, thus becoming itself rich in this element, 
the vineš and all unused parts of the plants should be returned to the 
soil. 

Manure in the form of well decomposed compost is excellent for 
tobacco and one which can easily be supplied in considerable quantity 
in Porto Rico. Any plant débris, such as banana stalks, weeds, and 
grass may be ušed, and should be supplemented as far as possible 
by animal manures and animal débris. Horše manure is the most 
valuable and cattle manure ranks next. It is said that goat and pig 
manure gives the tobacco a bad taste, while sheep manure produces a 
heavy leaf . These should therefore be avoided. It is important that 
the compost be well decomposed; if not, its application may become 
iiarmful. An application may consist of 5 to 20 tons per acre, accord- 
ing to the requirements of the soil and the concentration of the 
compost. 

Green manures, i. e., the plowing under of leguminous crops, such 
as cowpeas or velvet beans, often give good results and increase the 
thinness and elasticity of the tobacco leaves. 

Guano, which occurs in many caves in Porto Rico, is also a valuable 
manure. Its composition varies greatly, and the requisite amount to 
use can only be determined by experiment. 

Commercial fertilizers should be ušed with great care. The use of 
j>otash improves the combustibility of tobacco, but it should be ušed 
only in the form of a sulphate, carbonate, or nitráte. Muriate of pot- 
ash should nevěr be ušed, as the chlorin is considered very harmful. 
Cotton-seed-hull ashes is also a most valuable source of potash. Phos- 
phoric acid should not be ušed in excess, for, according to Nessler, 
the more the re is in the soil the more the plant takés up, and too 
much affects the color of the ash. Acid phosphate and phosphatic 
slag are ušed in preference to bone phosphate, on account of being 
immediately available. Nitrogenous manures should be ušed with 
moderation. According to Schloesing, they increase the vigor of the 
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plant, but háve a marked effect upon the nicotin, increasing it to an 
extent that is injurious. In France the planters are advised by the 
tobacco service not to use nitráte of soda, as it seems to produce 
tobacco without quality and canses fízzing. Cotton-seed meal has also 
proved in Porto Rico to be a very good source of nitrogen for tobacco 
raising, and its cost is rather moderate. Cotton-seed meal not only 
contains nitrogen, but also a small amount of phosphoric acid and 
potash. On heavy soils or those deficient in organic matter a small 
application of lime often gives excellent results. 



EXPEB.IMENT8 IN CURING TOBACCO. 

The curing experiments were conducted in three curing sheds : 

First. A frarae building, formerly constructed for a storehouse and 
part of which was ušed in that capacity during the curing experi- 
ment. As the large doors were frequently opened in order to enter 
the building, it materially interfered with the attempt to control the 
condition for the curing of tobacco. The building was modified by 
arranging small hinged doors on opposite sides just above the floor 
and just below the roof. 

Second. A shed was constructed of poles and canvas and covered 
by a straw roof. The canvas was treated with linseed oil in order to 
keep out the humidity and painted black so as to darken the interior. 
The black surf ace, however, absorbed the sun T s heat and readily trans- 
mitted it to the air within, thus causing the temperature to become 
too high. This effect was early noticed and rectified by putting a 
white canvas over the black one, thus reflecting the sun's rays and 
keeping the interior of the shed cooler. 

Third. A large shed was constructed of board sides and a thatched 
roof supported by a pole framework. Large hinged doors were made 
in the sides for ventilation. 

The daily temperature and relative humidity was ascertained in 
each shed from March 19 to April 23, with the results given in the 
f ollowing table : 

Temperature and relative humidity in three curing sheds, táken daily at 3 p. m. 





Large shed. 


Cloth-covered shed. 


Frame shed. 


Dáte. 


Tempera- 
ture. 


Relative 
humidity. 


Tempera- 
ture. 


Relative 
humidity. 

Per cent. 
61.0 
60.0 
83.5 
72.0 
77.0 
78.0 
65.5 
82.0 
69.0 
88.5 
61.0 
82.0 
90.0 


Tempera- 
ture. 

o F 

82.0 
81.0 
74.5 
78.0 
77.0 
77.0 
79.0 
74.0 
79.0 
74.0 
85.0 
84.5 
74.0 


Relative 
humidity. 


1904. 
March 19 


o p 

76.5 
76.0 
70.0 
74.0 
76.0 
74.0 
78.0 
74.0 
78.0 
74.0 
79.5 
82.0 
72.0 


Per cent. 
74.0 
76.0 
90.0 
82.0 
82.0 
80.0 
71.0 
86.0 
75.0 
86.0 
64.0 
61.0 
91.0 


° F. 
80.0 
79.0 
71.5 
76.0 
76.0 
74.5 
78.0 
74.0 
78.0 
73.5 
80.5 
83. & 
71.0 


Per cent. 
65.0 


March 21 


63.0 


March 22 


78 


March 23 


79.0 


March 24 


83.0 


M*n*h25 


77.0 


March 26 


69.0 


M*rr»hí?8 


84.0 


Mftwh 29 


71.0 


March 30 , 


78.0 


April 4 


62.5 


April 5 


57.6 


April 6 


82.0 
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Temperature and rélative humidity in three curing sheds, etc. — ContinnecL 



Largeahed. 



Cloth-covered shed. 



I 



Frameahed. 



Dáte. 



Tempera- Rélative Tempera- , Rélative 
ture. humidity. ture. humidity. 



1904. ' • F. 

AprilT 80.0 

April 8 77.5 

April9 80.0 

Aprilll 82.0 

Aprill2 , 76.0 

April 13 75.5 

AprilH I 81.0 

Aprill5 82.0 

April 16 i 81.5 

April 1* 80.0 

April 19 79.0 

AprilSO I 80.0 

April 21 78.5 

April£» 79.0 

April 23 79.0 

Average 77.67 



Per cent. 
75.0 
77.0 
72.0 
58.0 
70.0 
80.0 
75.5 
65.0 
63.0 
68.0 
73.0 
70.0 
63.5 
71.0 
71.0 

i u.Oi 



o p 

79.5 

76.0 

80.0 

80.5 

76.0 

75.5 

81. 

80. 

80. 

80. 

79. 

82.0 

80.0 

81.5 

83.0 










5 
5 

.0 

5 



Percent. 

77.0 

78. 

68. 

64. 

66.0 

74.0 

66.0 

62.0 

64.0 

66.0 

69. 

56. 

62.0 

61.0 

57.0 



5 
5 



78.26 



70.01 



Tempera- 
ture. 



°F. 
71.5 
79.0 
82.0 
85.0 
78.0 
79.0 
84.0 
83.0 
82.0 
81.0 
81.0 
83.0 
81.0 
82.5 
85.0 

80.21 



Rélative 
humidity. 

Per cent. 
70.5 
71.0 
65.0 
56.5 
79.0 
68.0 
62.0 
57.0 
58.0 
63.0 
68.5 
72.5 
56.0 
60.0 
56 5 

68.3 



Briefly, the results show that in the frame building with a nieaii 
temperature of 80.2° F. and rélative humidity of 68.3 per cent, the 
tobacco dried too quickly and the leaves when cured contained many 
green spots. In the cloth shed prior to putting on the white outside 
canvas the temperature was very much too high and the tobacco was 
badly damaged. After modification the mean temperature was 78.26° 
and the rélative humidity 70 per cent, and the conditions as shown by 
the tobacco were more favorable than in the frame building. In the 
large shed the mean temperature was 77.67° and the rélative humidity 
73.57 per cent. The tobacco in this shed was better cured than in 
either of the others, and would indicate that the slightly lower tem- 
perature and higher rélative humidity were favorable to the best 
results. 

FERMENTATION. 

The experimental crop of shade-grown tobacco was too small in 
amount to make it possible to carry on a satisfactory fermenting 
experiment with it. It was therefore combined with other tobacco 
f rom the plantation and fermented. The writer gave personál super- 
vision to the fermentation of all the tobacco of the plantation and 
kept records of the temperature in the several fermenting piles, hav- 
ing the piles torn down and rebuilt whenever the temperature reached 
an elevation which indicated the necessity of this operation. Below 
is given the temperature records of one pile, the tobacco of which 
was grown outside and contained a high percentage of wrapper leaves. 
The fermentation investigations were carried on in a stone building 
of which two sides each had a window and a dooř that were not pro- 
vided with means of being closed. These openings, through which 
the wind frequently blew, made it impossible to properly control the 
interior humidity, and in this connection it might be said that it is 
always desirable to háve the fermenting house so that it can be 
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tightly closed, thereby controlling the humidity of the interior. In 
čase the humidity should become too low it can be increased by 
admitting the damp night air. This, however, would rarely be 
necessary in Porto Rico, because of the usual high humidity of the 
air. In order to keep a desirable amount of humidity in the air it is 
advisable to make occasional tests with the hygrometer, and if too 
much or too little is found means can be taken to secure the proper 
amount. 

Record of temperatare in fermenting pile of tobaeco. 



Dáte. 


Temper- 
ature. 


Remarks. 


Dáte. 


Temper- 
ature. 


Remarks. 




° C. 




1 

1 


C. 




Mar. 24 


28 


About 2,000 pounds. 


1 Apr. 18 


44 




Mar. 25 


? 




| Apr. 19 


45 




Mar. 26 


49 


Taken down and rebuilt: 


Apr. 20 


46 








temperature too high. 


Apr. 21 


50 




Mar. 27 


35 




Apr. 22 




Taken down. rebuilt. and 


Mar. 28 


48 


Taken down, spread out, 
and aired, after which it 
was rebuilt and 1,000 
ponnds of other tobaeco 
added. 


Apr. 23 




about 3,000 pounds added. 
thus making a pile of 
about 9,000 pounds. 






' Apr. 24 


29 




Mar. 29 






' Apr. 25 


32 




Mar. 30 






Apr. 26 
Apr. 27 


35 

88 




Mar. 31 


28 




Apr. 1 


30 




Apr. 28 


42 




Apr. 2 


35 




Apr. 29 


48 




Apr. 3 
Apr. 4 


89 
43 




Apr. 30 
May 1 


45 

47 




Apr. 5 


46 




, May 2 


49 




Apr. 6 


48 


May 8 


50 




Apr. 7 


51 




May 4 


51 




Apr. 8 


48 


Taken down, rebuilt, and a 


May 5 


51 


Taken down and rebuilt. 






ajmilar pile added, thns 


May 7 


82 








making a pile of about 


May 9 


37 








6,000 ponnds. 


, May 10 


£ 




Apr. 9 


37 




1 May 11 


42 




Apr. 10 


45 


Taken down, rebuilt. 


, May 12 


43 




Apr. 11 






: May 18 


45 




Apr. 12 


28 




May 14 


47 




Apr. 13 


80 




May 15 


48 




Apr. 14 


32 




May 16 


49 




Apr. 15 


86 




May 17 


49 


Fermentation completed 


Apr. 16 


39 




i 




and sorting begun. 


Apr. 17 


42 




1 







SEED SELECTION. 

An examination of the tobaeco fields of Porto Rico and of the prod- 
uct in the factories and warehouses shows a number of tobaeco vari- 
eties in the samé field or in the samé lot of tobaeco, so that the crop 
as a whole can not be spoken of as a distinctive type of Porto Rican 
tobaeco. Among the several varieties noticed two very distinct ones 
may be mentioned, one in which the veins of the leaf grew almost at 
right angles to the midrib, and the other (called " lengua vaca") a in 
which the veins made an acute angle with the midrib. These wide 
variations, which give rise to what may be called different types or 
varieties* of tobaeco, are no doubt largely the result of defective 
methods of seed selection, as pointed out in the report on preliminary 
investigations. Indeed, the method of procuring tobaeco seed is such 



« Literally " cow tongue "; i. e., a narrow, pointed leaf. 
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that rational seed selection is thought to be a most important prob- 
lém for tobacco culture in Porto Rico. Only good seed should be 
ušed. The best seed comes from the best plants, and these alone 
should be chosen for seed production. 

The heaviest tobacco seed is usually produced by the largest cap- 
sules. In a vitality test made by the United States Department of 
Agriculture with heavy, medium, and light weight seeds from the 
samé tobacco plant, it was found that 95 to 100 per cent of the heavy 
ones germinated, 50 to 85 per cent of the medium ones, and to 12 
per cent of the light ones. It is important, therefore, to use only the - 
heavy seeds. ( 

As a generál rule it is a sign of degeneration when the plants in the H 
seed bed show a scanty growth and when diseases appear in the field, ' 
resulting in a diminished yield. This degeneracy is also evidenced * 
in the curing house by variegated colors and spotted leaves and by | 
the rigidity and contraction of the leaves. If these symptoms are 
present a renewal of the seed, or at least a rigorous selection of the 
propagating plants, is necessary. Whenever a superior product is 
obtained from the seed planted everything possible should be doně 
to prevent hybridization and to secure the perpetuation of the vari- 
ety. It is thus advised, whenever a large number of proper plants 
for seed purposes are at hand, to get a large quantity of that seed 
from the crop and to use this seed for following years as long as it 
keeps its vitality, usually about ten years. 

The Connecticut State Agricultural Experiment Station found that 
the leaf of both broad leaf and Connecticut Habana of favorite 
strains generally show a tendency to become larger from successive 
crops of seed ; in f act, the leaves are f requently so large that they 
cut to waste. The samé has also been noticed in regard to Porto 
Rico wrappers, and it is a common fault that after all the wrap- 
pers possible háve been cut from a leaf which cost the cigarmaker 
25 to 75 cents per pound, and even $1 to $3 per pound for shade- 
grown, there is left too much tobacco which can be ušed only for 
scrap, valued at 3 to 6 cents per pound. This, then, is another 
instance in favor of using from good seed as long as it will re*;ain its 
vitality, rather than use seed from each succeeding crop. 

It must be borne in mind that selection should be made for differ- 
ent purposes, and that a good wrapper leaf has very different charac- 
teristics than one required for a filler. 

In čase of wrapper, a light-colored, thin, elastic, and. somewhat 
round leaf, with small veins, is desirable. The most desirable size is 
18 to 20 inches long in the field, which gives leaves 16 to 18 inches 
long after the shrinkage due to curing, fermenting, and seasoning. 
The plants should also be early maturing, vigorous, f ree from dis- 
ease, and possess a uniform type of leaf from top to bottom, the 
leaves being close together on the stem. 



Fiq. 1.— Type of Flobida Su* 



Wrappehs. 
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Plants with the above qualities should not be topped, but left for 
seed production. All suckers should be removed and only the crown 
flower stalk left. It is also advisable to remove none of the leaves, 
as experimente háve shown that the greater the number of leaves 
left on the seed plant the better the quality of seed. Great care 
should be taken to prevent pollen from neighboring varieties being 
carried to the selected plants, and consequent erossing of varieties. 
In čase of doubt in this regard it is best to reject the seed. The 
results of careful seed selection will be very clearly shown on the 
field the next year. For types of leaves see Plate V, fígures 1 to 4. 

The Plant Breeding Laboratory of the United States Department 
of Agriculture has begun selecting and cross-breeding tobacco with 
reference to improving the leaves, and eighteen selections and crosses 
in duplicate were sent to the writer to be planted during the winter 
of 1903-4. One set was planted at Aguas Buenas and the other at 
Aibonito. At the last-named pláce the set was destroyed by the 
"leaf miner," oř "split worm," after the plants had been set in the 
field, so no seeds were secured. (PÍ. IV, ňg. 4.) 

At Aguas Buenas the plants did well. (PÍ. IV, fig. 3.) Of each 
selection the best and most uniform plants were selected and 30 to 40 
capsules only left on the main flower stalks. These were covered 
with manila páper bags to prevent erossing with other plants. Seeds 
of these selections háve been saved for f urther work along this line. 
It may be said that as a result of this selection the plants háve shown 
great improvement in uniformity of leaf, and the results are very 
promising. The most important characteristics of the mother plants 
were all transmitted in the seed, as was proved by a comparison of 
each plant with the notes which had been carefully made of the 
appearance of the mother plant. It is necessary for each tobacco 
grower to make his own selections in the field, and upon deciding 
which type or types of plants he wishes to perpetuate to bag such 
selected plants after the flowering begins. 

STTGGESTIONS FOE THE IMPROVEMENT OF POETO RICAV 

TOBACCO. 

The investigations carried on during the year are not in all respects 
conclusive. It is recognized that further work is desirable, and it is 
hoped that such may be continued in the near future. 

In tobacco cultnre, as with any other branch of agriculture, it is 
recognized that practice must conform to the conditions with which 
the planter has to contend. However, there are certain generál prin- 
ciples that are in all cases applicable. Endeavoring to keep within 
the bounds of these, the following suggestions are made with refer- 
ence to improving the methods of growing, curing, and fermenting 
tobacco in Porto Rico. 
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To be appreciated by the majority of smokers in the United States it 
is necessary that tobacco should háve perfect combustibility (burning 
power), an agreeable aroma for the filler, a sinali quantity of nieotin, 
light eolor, and small veins for the wrapper. For the manuf acturer, the 
shape of the leaf , its structure, and elasticity are also of great impor- 
tance. These qualities are generally not found in thick leaves. It is, 
theref ore, desirable to produce a tobacco which is not gummy, excepting 
for roli or chewing purposes — i. e. , which does not contain a superfluous 
amonnt of glutinous juice, or, as it is termed in the local vernacular, 
"miel" or honey. If gummy it has a disagreeable taste and less 
combustibility. The smoke of the tobacco must not be acrid or bit- 
ing, but should be mild and háve an agreeable aroma. To obtain the 
above-mentioned qualities the planters generally sacrifice quantity to 
quality. This of course can not be advantageously doně in countries 
where the cli mate does not allow the production of a leaf of very fine 
aroma, but could be very well applied in Porto Rico, because it has 
already been proven that Porto Rico has a favorable climate for the 
production of very good tobacco of fine flavor and aroma. 

CHOICE OF ULND. 

Before engaging in the business of tobacco growing the planter 
should ascertain whether he has suitable land for the purpose and, if so, 
to what class of tobacco it is best adapted. It has already been pointed 
out that the textuře and structure of the soil has a marked influence 
upon the character of tobacco produced. Soils light in textuře — i. e., 
having a relatively large amount of sand and small amount of clay — 
are in generál best suited to the production of wrapper tobacco, and 
give leaves of medium size, fine textuře, and good color. The filler 
crop may be grown to better adv&ntage on a heavier soil. The influ- 
ence of the soil may be partly overcome by climatic conditions and 
ínanipulation, and, as pointed out above, by the use of shade and 
proper methods of handling a high percentage of good wrapper leaf 
may be produced on a heavy soil. The character of the subsoil is 
also important. A sandy soil under low rainfall and without irriga- 
tion should be underlaid at a depth of 1.5 to 2 feet by a somewhat 
stiff subsoil, otherwise the plants will suffer from drought. On the 
contrary, if the rainfall is abundant a very porous subsoil will give 
best results, because of the drainage which it affords. 

A striking example of the influence of the character of the subsoil 
upon the quality of tobacco may be found by comparing the subsoil 
of the famous Vuelta Abajo district, in Čuba, with that of the hilly 
districts of Remedios. In the first instance the subsoil is very sandy 
and the tobacco has an extremely fine textuře and superior aroma, 
while in the latter čase the subsoil is very heavy in textuře, contains 
much organic matter, and the tobacco is much coarser, darker, and 
stronger. The following table gives the mechanical analyses of these 



two subsoils as made by tne Bnreau of Soils, TJ. S. Department of 
Agrículture : 

Mechaníoal analyses of xubtoil* from two Cuban tóbacco districts. 
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The influence of dew and rainfall upon the taste and aroma of 
tobaceo is very noticeable. The very fine cigarette tobaeeo produced 
in Yenidje Karasou (Turkey), which sometímes brings $4 to 15 a 
pound, is grown on a rather poor soil with stony subsoil. Of rainfall 
and dew there is but little, and the planto being set out at a distance 
pf only 6 inches, oř even less, and no irrigation being applied, the 
leaves remain sinali and soft, but possess a superior flavor and aroma. 
In other parta where the soil is loose and contains more moisture, the 
roots spread and the plants grow very high. Au ample rainfall pro- 
duces large leaves, but the flavor and aroma are impaired by this rapid 
growth, and the tobaeeo produced is light and nearly tasteless. The 
samé can be said of Sumatra tobaeeo, which, under the influence of 
the tropical rainfall and very abnndant moisture of the air, grows 
speedily, and being planted very dosely and topped high, a cigár 
made from Sumatra tobaeeo alone wonld possess ueither aroma nor 
taste. The value of Sumatra tobaeeo lies only in its tinsurpassed 
value as wrapper materiál. 

One of the first eonsiderations should be to use care in choosing 
lands for tobaeeo growing, and, as has been seen, one class of land 
should be chosen for growing wrapper tobaeeo, while another is better 
suited for growing the flller, keeping always in mind that the treat- 
ment given to wrapper and flller ínust also be quite different from the 
beginning to the end. 

SEED AUD SEED BEDS. 

The tobaeeo seed should be secured with reference to the kind of 
tobaeeo the land is best suited to grow. The seed should háve good 
vitality, a eondition which can be easily tested by placing 100 seeds 
between two moist blotters and keeping them between two plates a 
suflícieiit, length of time to allow the seeds to germinate. 

The time of preparing the seed beds will depend on when the plants 
are to be set in the fields. The seed should be sown forty-five to 
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sixty dav 8 earlier, as it requires that t i me for the young plants to attain 
the proper size to be transplanted to the fielils. For seed bědo a fer- 
tile soil of medium textuře is desirable, and it ahou Id be worked into 
the finest possible čoudit ion and freed from all coarae organic matter, 
The soil shon Id be elevated into beds not more than 3£ feet in width 
and as long as tnay be desired, The elevating of the soil prevents 
rainwater falling on adjacent land from running onto the běda, and 
the narrow width enables the workmen to reach from either side lo 
the middle of the beds to remove weeda without getting on the soil 

^^____^ and conipaeting it. To pre- 

' vent washing by rains remov- 
able straw oř cloth co verš 
should beused until the plants 
become well established. 

There is a tendeney in Porto 
Kico to select as much as pos- 
sible slender seed plants from 
the seed bed to be aet out. 
These slender young plants 
(see fig. 1a), however, háve a 
much weaker root develop- 
inent, and do not overcome so 
well the check of transplant- 
ing ordiseases. 

The stocky plants with well- 
developed root systém (see fig. 
1B) are believed to be more 
vigorous, and therefore an at- 
tempt should be made, as far 
as practicable, to produce this 
kind of young plants in the 
seed bed. 

Lack of light results in a de- 

ereased aetion of the ehioro* 

phyll and consequently weak- 

ens the assimilation, thus re- 

ducing the necessary organic bnilding substances. 

In Porto Rico the lack of light and air in the seed bed is largely 
due to having the seed plants too close together, and therefore the 
amount of seed sown on a certain surf ace is of the highest importance. 
If it is observed that they are rather close together it is always ad- 
visable to thin them immediately, thereby giving each plant sumcient 
space for normál development. 

Great care should also be taken to avoid injury to the roots wben 
the plants are removed from the seed bed. To facilitate the pulling 
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of the young plants it is best first to sprinkle the beds with water. 
It is desirable to háve as much of the fine soil as will adhere to the 
roots of the plants removed with them. 

TIME OF TRANSPLANTING FOR WRAPPER AND FILLER. 

In Porto Rico, which is situated between 17° 55' and 18° 32' north 
latitude, the best season for planting tobacco seems to be in the win- 
ter, which is also trne of Čuba. The rainfall at that season is less 
and the temperature several degrees cooler than in summer. In the 
summer, under the influence of greater warmth and moisture, the 
plants grow more rapidly, but the leaves do not acquire that desirable 
aroma that they háve when grown during the period in which less 
humidity and plenty of sunshine prevails. When grown in the sum- 
mer there is also more danger from loss by standing water in the 
fields and diseases are more prevalent. It is very important to gauge 
the time of planting so as to avoid excessive rainfall or extréme 
drought during the growing season and also to háve the harvesting 
and curing period occur in comparatively dry weather. 

Generally, the best time for transplanting the wrapper tobacco 
seems to be about the end of October or beginning of November. 
This brings the harvest time about February 1, and gives that month 
and March, which are on the average the driest of the year, for the 
curing. This also ayoids serious damage by the flea-beetle, which is 
most prevalent during the dry season. 

• The following table, which gives the mean monthly and annual 
rainfall for various districts, shows that on the average November is 
a month of high rainfall, but during the following months of Decem- 
ber, January, and February it rapidly decreases. If , therefore, level, 
poorly drained land is to be ušed for the wrapper crop, there is dan- 
ger of the tobacco being damaged and sometimes destroyed by wet 
weather. In such cases it is advisable to defer the planting until 
December. 

Mean monthly and annual rainfall for various districts in Porto Rico. 
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«For two years only. 



6 Por three years only. 



For the flller crop it is advised to plant about the middle or close 
of December, so that the principál growth will be made during the 
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drier weather of February and March, as the resulting slower growth 
develops a finer aroma. If two successive crops are to be obtained 
in the samé field it is advisable to transplant early in October, so 
that harvesting can be doně in January. The field is then plowed, 
fertilized, and harrowed, so as to háve the seeond planting doně at 
the end of January or beginning of February. In this čase irrigation 
would be necessary. This seeond planting is very frequently prac- 
ticed in Čuba with very good results. 

METHOD OF TBANSPLANTING. 

The seed beds should be thoroughly wet before attempting to remove 
the plants, in order that they may be removed with the least possible 
injury to the roots. The young plants should be covered with 
plantain leaves or a wet cloth during their transit to the field, and in 
the process of planting the roots should be exposed to the sun as 
little as possible. A f ew minutes' exposure of the roots to a bright sun 
is often sufficient to kill the plant. The plants should be placed in the 
holes with the roots straight and moist soil pressed firmly around 
them and hilled up to the leaves, the lower ones having been removed. 
It is well, as far as possible, to do the planting on cloudy days or morn- 
ings and evenings, thus avoiding the hot sun of the middle of the dav, 
which is responsible for the death of many plants when the work is 
doně at that time. The necessity of resetting many plants makes the 
fields uneven and causes inequality in time of maturing. As a result, 
half-ripe, ripe, and overripe leaves are eut at the samé time. 

CULTIVATION. 

Careful and thorough cultivation should be given the tobaccó fields 
during the early growth of the plants. During dry weather the 
surface of the soil should be frequently stirred in order to destroy 
capillarity, thereby reducing evaporation directly from the soil and 
conserving soil moisture for the use of the plants. Any dry blanket 
that can be placed between atmosphere and the damp soil will check 
this evaporation. The most practical protection is a covering of finely 
pulverized dry soil 2 or 3 inches deep. Surface cultivation not only 
reduces the loss of water from the soil, but also prevents an aceumu- 
lation of the soluble plant food immediately at the surface and where 
it is out of reach of the plant roots. Cultivation should not be too 
deep, especially near the plants, as it destroys many of the small 
roots, thus lessening the feeding power of the plant. It also facili- 
tates the formation of nitrates. Cultivation should not be under- 
taken when the soil is too wet, because stirring the soil when in such 
a condition gives to it a bad physical condition. If wet weather is 
continuous, all weeds should be removed with as little cultivation as 
possible. During the process of cultivation the soil should gradually 
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be worked toward the plants, thus hilling them up and preventing 
their being blown down bj r winds. 

TOPPING. 

For wrapper purposes it is advisable to top high. This is especially 
trne when abundant sunshine and favorable conditions prevail dnring 
the growing season. If, however, the weather is cloudy and rainy, 
the topping shonld be doně somewhat lower and a smaller number of 
leaves left on the plants. This is especially true in čase of shade- 
grown tobacco, as the shade has a tendency to still further increase 
the humid conditions to which the fields are subjected. Weak plants 
ought to be topped lower than strong, well-developed plants, which 
will be able to mature a larger number of leaves. Too high topping 
makes leaves deficient in elasticity; too low topping, too hea vy leaves. 
Experience is necessary in order to top the plants just right, taking 
into account weather conditions and type of plants and soil. 

Suckers immediately appear after the topping, and these should be 
removed at f requent intervals. Experience has taught that instead 
of breaking off the suckers in the axil it is better to leave a small part 
of the stem of the sucker, about 1 inch in length. By so doing less 
suckers will reappear. The removal of the suckers throws the strength 
of the plant into the leaves, but if there is a tendency, through having 
topped the plants too low or through change in weather conditions, 
for the leaves of the plant to become too thick, this may be counter- 
acted by leaving one or two suckers on the plant. 

HABVESTING. 

Two methods of harvesting are in use. One consists in removing 
each leaf from the plant at the most favorable stage of ripeness and 
the other is to cut the whole pl^nt when the largest number of leaves 
are in a favorable stage of ripeness. The first method should always 
be ušed for wrapper or high-grade tobacco, as it gives more favorable 
results. Great care should be exercised to prime the leaves at the 
most favorable stage of ripeness, taking first the bottom leaves, then 
successively the middle and top leaves, with a few days between. 
The proper time to harvest is determined by the appearance of the 
leaves, and an experienced eye is required to detect the minuté 
diff erences which mark the leaves when in the most favorable degree 
of ripeness. 

Overripe leaves become less combustible, are less elastic, give darker 
colors, and contain more nicotin, all of which is undesirable. In 
nnripe leaves the colors are diflicult to change in the curing process, 
and often turn from green to black in the fermenting pile. After 
priming the leaves should be transported to the curing shed in bas- 
kets provided with burlap for covering the tops and sides, so as to 
protéct the leaves from dust and direct rays of the sun. 
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With the cut systém of harvesting it is advisable to cut the planto 
when the iniddle leaves show maturity — for wrapper purposes early 
in this stage and for filler a little later. The plants should be allowed 
to lie on the ground for a few hours until wilted, after which they are 
transported to the curing shed. It is sometimes advisable to string 
the plants on poles before transporting, and upon arrival at the shed 
the poles with plants on them are put in pláce without further handling 
of the plants. These short poles or laths should be of proper length 
to fit the compartments of the shed, the plants being fastened by 
means of a cord looped around the plant stems and passing from 
side to side, so that the plants alternate on opposite sides of the pole. 
The poles with plants attached may be transported to the sheds sus- 
pended on two long poles carried by two men or on a wagon prepared 
for the purpose. 

OTTKING SHED. 

For a good curing shed five points should be considered: 

(1) Orientation or direction, (2) situation, (3) dimensions, (4) con- 
struction, and (5) aeration or ventilation. 

The orientation of shed should usually be northeast by southwest, 
because in Porto Rico the prevailing wind is from the northeast. 
Where the direction of prevailing wind is different the orientation 
should conform. . The shed should be so built that when the venti- 
látore are open the wind will not blow directly in at the openings. 
When wind blows directly in at ventilátore the near-by tobacco dries 
too rapidly and the leaves remain green instead of changing to 
desirable colors. 

The situation of the curing shed depends upon the requirements of 
the farm, but, other things being equal, should be convenient to the 
tobacco fíeld, and should be as much as possible sheltered by other 
buildings or trees on the side from whence the wind comes. Close 
proximity to marehes, streams, or wet land should be avoided, 
because the dampness from such sources is conducive to molds and 
pole-sweat. 

The dimensions of the curing shed will depend upon the size of 
the crop, but the width should nevěr be too great for good ventila- 
tion of all parts of the interior when filled with tobacco. The width 
should not exceed 30 feet, and the height should be nearly equal 
to the width, whiie the length may be as great as desired. 

The construction of the curing shed will depend to a certain 
extent upon the available and most economical materiál for the 
structure. In Porto Rico, as a rule, the framework may be made of 
poles cut from native trees. Inch boards of either native or imported 
lumber will probably be most desirable and economical for the sides, 
while thatched roofs, either of palm leaves or grass, are suitable. 
Thatched roofs f avor a more equable temperature than either board 
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or metal ones. It is most important that the shed should be so con- 
structed that the temperature and humidity can be controlled. In 
order to accomplish this it should be sufficiently tight to prevent air 
currents when olosed. The ventilátore should be at frequent inter- 
vals and sufficiently large to secure any desired amount of ventilation. 
They should be so constructed that they open against the wind, can 
be fastened to any sized opening, and can be quickly and tightly 
closed. The interior framework should be so constructed with poles 
and cross poles that the whole space can be utilized for hanging 
tobacco. Strong wires may be tightly stretched and také the pláce 
of the smallest poles. Poles sufficiently strong to support movable 
planks on which the workmen stand should be placed at intervals 
sufficiently close to enable all parts of the space to be easily reached. 
The sticks on which the tobacco is strung may consist of ordinary 
lath i by 1£ inches, by 4 feet long, with a saw notch in each end to 
hold the cord, or they may consist of small native saplings of any 
desired length. 

Two kinds of aeration or ventilation are recognized — one slow and 
continuous, the other rapid and periodic. The first is acquired by 
opening the small ventilátore at the bottom and top of side walls or 
by opening the large ventilátore only slightly. The rapid ventilation 
is effected by opening the large ventilátore as wide as possible, always 
guarding against the direct entrance of wind or sunshine. Large ven- 
tilátore may consist of ordinary doora extending f rom the ground to 
the eaves and hinged at the side, or the samé form of dooř may be 
hinged at the top and open from the bottom. Another form consists 
in having the side boards of the shed horizontál and háve every other 
one or every third one hinged at the upper edge. These may all be 
opened to any desired width and a uniform ventilation of any desired 
volume given to all parts of the shed, or the top and bottom one only 
may be opened, giving a slow ventilation. 

CURING. 

The filling of a curing shed should be concluded as rapidly as pos- 
sible and the shed closed for the curing process, so that the tobacco 
in all parts will require as far as possible the samé time and ventila- 
tion. For this reason it is advisable to limit the size of curing sheds. 

During the early period the curing should be effected by a slow 
and continuous ventilation. After the colore are obtained the ven- 
tilation may become rapid and periodic. During very hot days the 
sheds should be kept closed and opened during the following night. 
After excessively damp weather it is also well to give more rapid ven- 
tilation on a dry day to drive away the excess of moisture and pre- 
vent molding. If damp weather continues for several days it 
becomes necessary to build fires in the sheds. Charcoal is preferable 
to wood for this purpose, because it produces less smoke. Care must 
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be taken that the tobacco does not turn black for lack of sufficient 
air, reduction instead of oxidation taking pláce. 

The nátuře of the processes which také pláce in the curing of 
tobacco háve not yet been f ully worked out, but in a generál way 
there is a loss of water — about 80 per cent of the green weight of the 
leaves — and a modification of the chlorophyll and other compounds of 
the leaf and the resulting change in color f rom green to yellow, then 
to red and brown. 

If the leaves are cured in a current of hot air the water is qnickly 
lost and the color remains green, because sufficient time has not been 
allowed for the biological processes which cause the color changes to 
také pláce. If the leaves remain longer in the hot-air current they 
may also lose their fermenting power. Even after restoration of the 
excessive loss of water only a slight fermentation can be produced. 

In order to facilitate the transformation of the matter in the leaves 
a slow curing is necessary. If, however, the circulation of air is too 
limited or stopped, reduction takés pláce and the leaves become 
spotted and, if no ventilation is given, very soon turn entirely black 
and lose their resistance and elasticity and finally become worthless. a 

Specific rules for the curing of tobacco can not be given, for much 
depends on the weather conditions and the character of the crop and 
shed. In a generál way ventilation should be slow, with a constant 
circulation of air around all of the leaves until the parenchyma 
changes color. Rapid ventilation should be avoided during the early 
stages of curing, except for short periods after very damp spells, which 
may be resorted to in order to drive out the excess of moisture. High 
temperature and excessive humidity must be avoided. 

The time of curing usually ranges f rom t wenty-fi ve to thirty-íi ve days. 
The process should cease when suitable color is obtained, bearing in 
mind that the colors are modified to a certain extent in the process of 
fermenting. When the curing is completed it is well to close the venti- 
lators during the day and open them wide at night, in order to bring 
the tobacco into a nioist condition before removing it f rom the poles. 
None should be removed until the reduction of the midrib is complete. 
If the curing has been slow and the conditions favorable, the colors 
at the time of removing from the poles should be fairly uniform. It 
is advisable, however, upon taking down the tobacco to immediately 
put it into small piles, which favors uniform fermentation and also 
f urther increases the uniformity of color. In no čase should tobacco 
be allowed to remain in the curing shed very long after it has been 
completely cured. 

The curing of the whole plant is effected with nearly as good results 






a The writer noticed in Porto Rico as well as in Cnba cigars of which the 
wrapper was covered with black spots. It is thought that this was caused by 
the lack of ventilation at certain periods while tobacco is in the shed. 
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as regards color as in čase of the primed leaves. The cliief difficulty 
is that the top leaves, the less ripe, are covered by the middle ones, 
and these in tnrn by the bottom ones, so that the ripest leaves are the 
ones which, on account of their exposure, receive the greatest venti- 
lation while the greenest ones receive the least. This difference is 
probably partly overcome by the leaves being connected to the stalk 
and through a possible movement of water f rom the greener to the 
riper leaves. The advantage in čase of the primed leaves is that those 
of eqnal ripeness may be placed separate from those which may be 
greener and, therefore, given a different ventilation. 

The systém of cutting and curing the whole plant, however, is the 
cheaper, and is advised for crops that do not promise a considerable 
percentageof wrapper leaves. When the cut planta are removed from 
the poles they should not be placed in piles, but the leaves should at 
once be removed and the top, middle, and bottom ones kept separate. 
Fnrther sorting of the leaves need not be made at this time, but they 
should be made into hands and at once put into small piles. These 
piles should be frequently inspected to see that the temperature does 
not materially rise. If the leaves are too moist and begin to heat, the 
piles are separated and after a little exposure are made into piles 
again. When this operation has been repeated severní times several 
small piles may be put together. It is of course understood that 
before this work is commenced the plants should be moistened by 
leaving the ventilators open during the night preceding the opera- 
tions, and in čase of a dry day the work should cease before the 
plants become too dry to handle. 

STJOOESTIONS BEGABDING FERMENTATION. 

In order that tobacco may properly f erment it is necessary that the 
requisite amount of moisture and ferments be present in the leaves. 
The process of fermentation develops color, gloss, elasticity, burn, 
and aroma. It is most important that the leaves contain the proper 
amount of moisture. If too dry the fermentation progresses very 
slowly or not at all; if too wet it progresses very rapidly and there 
is danger of molds and putrefaction. The operation requires very 
careful watching by one wfio has had previous experience. 

Under the old régime, when dark colors were ušed, fermentation 
was allowed to progrese very rapidly, the high temperatures produc- 
ing the dark colors. It was then sufficient to carefully watch the 
temperatures and to prevent only such high elevations as might burn 
the leaves. At the present time, with the demand chiefly for light 
colors, it is necessary that fermentation progrese slowly. This can be 
accomplished by slightly less moisture in the leaves, and by repeatedly 
tearing down and rebuilding the f ermenting piles whenever the tem- 
perature rises to 50° C. 
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In order to ascertain the temperature of the piles bamboo, wooden, 
oř metal tubes are placed in the piles when they are built, one end 
being at the center of the pile and the other reaching to the circum- 
ference. If the piles are large two or three of these tubes may be ušed, 
one near the bot tom, one near the middle, and another near the top. 
Ordinary cheraical thermoraeters are inserted into the tubes and 
may be quickly removed and read at any time. The outer ends of 
the tubes should be elosed with corks or cotton to prevent cooling of 
the interior. 

Before f ermenting the tobacco should be roughly graded into wrap- 
pers and íillers. The tobacco should then be tied into hands and 
built into piles by laying the hands straight and even, with butts to 
the outside. The size of the piles may vary according to the amount 
of tobacco in hand. It is difficult, however, to successfully ferment 
a small quantity, and the operation should not be undertaken with 
amounts less than 1,000 pounds. A convenient size for the ferment- 
ing piles is 5 to 6 feet wide, 10 to 12 feet long, and 4 to 8 feet high. 
In bnilding the pile it is advisable to start the bottom with trash or 
some noncommercial stuff, because the bottom usually ferments very 
slowly. Excessive pressure should be avoided in the early stages, and 
the hands be simply laid on the pile from the outside and gently pressed. 
Piles built in this way settle considerably, so that after twenty-four 
hours more tobacco may be put on if thought desirable. When com- 
pleted it is advisable to cover the piles with burlap in order to pro- 
téct them from drying out. As regards the further care of the piles 
the following directions are taken from Farmers' Bulletin No. 60, 
United States Department of Agriculture: ' 

The bulk is watched very dosely, and as the temperature rises it is torn down. 
each hand of tobacco is taken np and shaken thoroughly to dry it a little, to cool it 
slightly, and to open the leaves so that they will not stick together. Before the 
sweat is completed the bnlk is ptilled down and bnilt np eight or ten times, accord- 
ing to the condition of the tobacco. It is impossible, even for an expert curer, to 
give explicit directions as to when the bnlk should be tnrned, as it depends entirely 
npon the condition of the tobacco and the temperatare it attains, and these mnst 
be determined by the operátor. 

The temperature mnst ríse gradnally , and if it is found to be rising too rapidly 
the bnlk is torn down and a f resh one bnilt np. Sometimes the bnlk is not np over 
twenty-f onr honrs before it is torn down again and bnilt np afresh. If the tobacco 
is in high čase, thatis, quite moist, the bnlks háve to be tnrned over frequentlyin 
order to prevent too rapid action and to shake out the leaves which wonld other- 
wise stick together. If a bnlk, as seldom happeus, should dry ont, it is tnrned over 
and mixed with a bnlk which is in high čase. The tobacco should nevěr be 
sprínkied in this stage of the procese to bring it into čase. 

The temperature of the pile is allowed to ríse gradnally until it occasionally 
reaches 180° F. The fermentation is then at its highest. From this point the 
temperature snbsides until the fermentation is complete and the bnlk attains the 
normál temperature of the room. This maximum temperature mnst not be 
reached too quickly, and it mnst be managed differently with the different tobaccos. 
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The f ermentation most be caref nlly controlled and not allowed to go too far with 
the wrapper leaf. With the filler, the further it goes and the more intense the 
action the stronger and finer will the tobacco be for its purpose, if the work is 
judiciously doně. As a matter of fact, it is not unnsual to resweat the filler leaf 
to bring ont the strong, rich properties which it is desired to develop. As the 
f ermentation does not extend to the bottom of the pile, it is cnstomary to put 8 or 
10 inches of trash, which has already been sweated, on the bottom; and where 
bins are ušed alayer of trash is also put aronnd the sides. 

The above maximum temperature of 180° F., which equals 82° C, 
shoald be redaced to a temperature of about 50° to 55° C. for tobacco 
in Porto Rico. 

Bottom, middle, and top leaves should be fermented in separate 
piles. 

Bottom leaves require a lower maximum temperature than middle 
and top leaves. When the top leaves are to be ušed for filler pur- 
poses the maximum temperature may be increased from 5° to 10° C. 

The moisture content of the tobacco may be easily ascertained by 
taking a few representative hands from the pile, weighing them, then 
drying them in a hot-air bath at 212° F. for about two hours, and 
again weighing them. The loss in weight divided by the dry weight 
equals the percentage of moisture in the leaves. 

The optimum amount of moisture for f ermenting either wrapper 
oř filler has not yet been determined for Porto Rico. In Florida cer- 
tain experimente háve shown that 23 to 24 per cent was favorable. 
If the temperature rises 14° to 18° F. in the first day it indicates that 
the tobacco is too moist and contains approximately 27 per cent. 
With 20 per cent of moisture the temperature rises much slower, and 
the slow rise in temperature indicates too small a percentage of mois- 
ture. With only 20 per cent of moisture it was f ound difficult to han- 
dle and ferment the tobacco. 

The fermenting house should not be so high as the curing shed and 
should háve windows sufficient only for lighting the interior. Air 
currents should be avoided and the floors should be dry. Floors of 
wood are therefore preferable, and it is of ten desirable to use mats 
beneath the fermenting piles. 

The tobacco piles may be rectangular or elliptical in shape, and the 
height of them will depend upon the quality of the tobacco. That of 
superior quality should at first be fermented in piles about 2 feet in 
height; medium quality in piles 3 to 4 feet in height, while large 
piles of inferior quality and trash may be 6 feet or more in height. 
The good and medium piles should be covered with burlaps or mats 
to prevent loss of moisture from the outside and thereby facilitate a 
more even temperature throughout the pile. By degrees, as the 
tobacco becomes drier, larger piles are made by putting two or more 
small piles together, in order to obtain higher temperatures. In 
rebuflding the piles care should be taken to avoid returning tobacco 
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to the samé position in the new pile that it occupied in the former 
one. II is necessary that all the hands be placed at least once in the 
center of the pile. In making the successive piles larger and more 
compact the maximum temperature is gradoally increased f rom about 
35° C. in the fírst piles to about 55° C. in the last ones. The increase 
in temperature must be very gradual, otherwise the quaJity of the 
tobacco is depreciated. In čase of molds, which result from the 
tobacco being too moist, it is necessary to thoroughly ventílate the 
tobacco and brusli the leaves. Where the sweating is doně slowly to 
keep the color light, it is well to allow the tobacco to stand some time 
in the bulk or bale to age. This aging is especially desirable with 
filler leaf , so as to develop the aroma. 
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LETTER OF TRANSMITTAL 



Porto Rico Auricultural Experiment Station, 

Mayaguez, P. 7?., April 85, 1905. 
Sir: I háve the honor to transmit herewith a bulletin on the yautias, 
or taniers, of Poťto Rico, by O. W. Barrett, botanist and entomologist 
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THE YAUTIAS, OR TANIERS, OF PORTO RIGO. 



INTRODUCTION. 

In view of the fact that no publication on this subject is thus far 
available, and in consideration of the growing interest in this, perhaps 
the oldest cultivated crop in the world, it is deemed expedient to offer 
the following notes. Moreover, until recently a deplorable confusion 
has existed between the taro, so common throughout the warmer 
regions of the Old World, and the tanier, which is distinctively a 
tropical American species. This remarkable, if not unique, čase of 
confounding two of the most important food planta in the Tropics 
demands attention. 

There are three reasons which may account for this ambiguity of 
names: (1) The flowers are seldom seen, and, except in some varieties 
of taro, it is highly improbable that any seed is ever produced; (2) the 
large size and leathery textuře of the floral organs, together with the 
tendency to rapid decay in very humid climates, has rendered the prep- 
aration and preservation of herbarium specimens almost impossible; 
and (3) the similarity in hábit and culture and the perplexing inter- 
change of local names for the numerous varieties of each species, 
together with the wide variation of varietal names in different locali- 
ties, háve naturally deterred botanists as well as horticulturists from 
taking a fírm stand against popular ideas. 

Without entering upon a technical discussion of the specific differ- 
ences we will dismiss the taro (Caladium, colocasia*) with the brief 
statement that the leaf of all its varieties is peltate, i. e., the petiole is 
attached to the under surface of the blade at a point more or less 
remote from the margin; whereas the yautia leaf is nevěr peltate, but 
has the leafstalk attached to the very margin of the blade. This 
striking difference will determine at a glance to which gen as a plant 
belongs. (See Pi. I.) 

Both from a cultural and from a dietetic standpoint the yautia holds 
third pláce among the root crops of Porto Rico. This plant, though 
of lower taxonomie rank than the sweet potatoes and yams, possesses 
many points of superiority over either, and few, if any, economic 
plants deserve more caref ul ecological study. 

«Syn. Colocasia antiquorum esculentum Schott See Contrib. Nat. Herb., 9 (1905), 
p. 208. 

(7) 
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As a family the Aracese, to which the yautia belongs, are generally 
of no great value to agriculture; but the tribe Colocasieae is of vast 
importance, since it includes the fořty oř fifty taros (Caladium spp.) 
of Polynesia, the Alocasias of the Orient, and the West Indián genus 
Xanthosoma, which contains four economic species and some thirty 
oř more varieties known as taniers, tannias, cocoes, oř eddoes in the 
British West Indies, as taye in the French West Indies, and as yautia, 
or malanga, in the Spanish Antilles. 

GEHEKAL DESCRIPTIOH. 

Though possessing no true stem, the yautia is a plant of striking 
appearance. The generál aspect is like that of the taro, or elephanťs 
ear, so much ušed as a summer ornamental in the North; but the 
leaves are always arrow-shaped instead of shield-shaped and with 
prominent venation on both surfaces. The height of the plant ranges 
f rom 1 foot in some types to 8 feet in others, and the color runs from 
pale green with whitish petioles to purplish olivě with blackish-mauve 
petioles and veins. The leaves at first stand erect above the rhizome, 
but gradually droop and after a few months die, remaining attached 
by their bases to the top of the root. 

In the three cultiVated species — Xanthosoma sagittdefólium^ X. atro- 
virens, and X. violaceum — the basal sinus of the leaf blade is always 
open, and the pair of strong veins running backward at an angle of 
about 130° with the midrib and supporting the basal lobes are usually 
naked on the sinus margin for i to 1 inch. The exterior angle of 
the basal lobe is in most varieties nearly acute; in X. ha&tifolium, the 
" Belembe," the basal lobe is produced and is more or less out of plane 
with the anterior portion of the blade. The blade in most varieties 
is strongly concave but in several is nearly flat. A glaucous bloom 
covers the upper surface in all varieties, and is impervious to water 
except on the older leaves. The veins are very prominent on the 
under surface. A marginal canal connects the tips of the side veins 
and opens by large pores onto the margin itself, through which it 
occasionally discharges excessive water, as, for instance, in sunshine 
immediately after a rain; this phenomenon of u weeping" occurs much 
more commonly in young plants. 

The thick petiole has a broadly excavated sinus extending more than 
half way from the base to the blade; the character and markings of the 
margins of this sinus are very important in the recognition of varie- 
ties when the roots can not be examined. The base of the petiole 
retains the dew and rain guided thither by the wings of the channeled 
sinus. 

The leaf veins, petioles, stem, tubers, and roots possess laticiferous 
ducts containing a yellowish latex which rapidly turns brównish upon 
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exposure to the air and forms a viscid gum. The true sap indelibly 
stains white cloth a reddish brown. 

In old planta of several varieties, especially the u Palma," the erect 
"stem" is mostly above the surface of the soil and inay vary from 2 
inches to 2 f eet in length, and from 2 inches to 6 inches in diameter. 
It is covered with a brownish or grayish-black fibrous epidermis. 
Around its uppev and thicker portion are more or less prominent small 
"eyes," which mark the axils of fallen leaf bases. The color, shape, 
etc., of these "eyes" vary constantly with the variety. Scattered 
among and below these rings of eyes are larger buds which may 
develop into tubers, or, if exposed to Hght and air, into side shoots. 
On blocks of the cut stem planted in moist soil these large stem buds 
almost invariably throw up leafy suckers instead of forming tubers, 
wherefore the top only of the stem is much preferred for propagation. 

The tubers are morphologically merely specialized horizontál 
biv nches of the vertical rhizome, containing a higher percentage of 
starch, bearing eyes and roots of their own, and having a more or less 
prominent terminál leaf bud. The eyes of the tubers vary greatly in 
character according to the variety, but are usually naked and scattered. 

The roots of the tuber are usually much more sparse than those of 
the stem. As in most Aroids, the roots are coarse but rather long; 
they are whitish, rather brittle, and about 3 to 4 millimeters in diam- 
eter at the base, and for the most part horizontál. 

The yautia seldom flowers in ordinary cultivation. A shock to a 
strong, matu re plant may cause it to throw out from the axil of a leaf 
near the center a quasipalmately subterminal cluster of terete, or flat- 
tened, peduncles of about one-third the length of the petioles. At 
the moment of flowering the peduncle stands erect; those bearing 
unopened spathes incline toward the petiole from the base of which 
the cluster originated; immediately upon the partial opening of the 
flowerets of the spadix the peduncle withers and falls, though rarely 
the spathe and spadix decay before the peduncle finally shrivels. The 
flowers of related species of plants are malacophilous; no snails, how- 
ever, háve been noted in those of the vautia. 

The spathe, which varies from nearly white to pinkish maroon, is 
constricted near the base, the roundish portion below being com- 
pletely closed, while the thinner, colored, upper part has a large ellip- 
tieal opening disclosing the staminate portion of the spadix. The tip 
of the spathe is nevěr curved and is abruptly pointed. The pistillate 
or basal portion of the spadix is thicker and much shorter than the 
staminate extremity, from which it is separated by a slightly con- 
stricted area bearing sterile stamens. Flowers of the " Martinica " 
variety occasionally show connate and teratological monstrosities, 
such as three coherent peduncles, double spathes, flat spadices, etc. 
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A slightly pungent, nauseous odor is noticeable in the spathe of nearly 
all the varieties. 

No evidence has been obtained thus far of the f ruiting of a yautia 
of any cultivated variety. Věry f requently the spadix, with its flower- 
ets, decays in the bud, but much more frequently still the flower stalk 
nevěr appears at all. 

The loss of reproductive power is perhaps the strongest proof of 
the very great age of the yautia as a cultivated crop. Even bananas, 
yams, and sweet potatoes occasionally produce seed* If it be true that 
the two latter economic planta originated in tropical America, and that 
the banana, as O. F. Cook conc!udes, a began to be cultivated in the 
Orient as a root crop, f ollowing the usage of the wild plantain (Bihai 
bihai b ) of tropical America, then the fact that the yautia has utterly 
lost its ability to produce seed while native to the samé region as 
these other planta, which háve nearly lost that power, indicates that 
the yautia is the oldest cultivated plant in the world. This evidence 
is strongly supported by the theory that the idea of cultivating eco- 
nomic plants originated in the Caribbean region and spread thence 
westward around the world/ 

Two apparently paradoxical facts may be státed in this connection: 
(1) The taro (Caladium colocasiá) which is apparently native to this 
region and which does not produce seed here, occurs in only two or 
three varieties, while in Polynesia it appears under about fořty 
subvarieties, several of which tend to produce seed; and (2) the 
yautia, which runs into some fořty varieties here, is apparently 
unknown outside of tropical America. 

Yautia, or yahutia, was the narae applied to the plant by the Arawaks 
at the time of the arrival of the Spaniards. We offer the following 
tentative theory for the etymology of % the word: " Ya," the Arawak 
prefix meaning pláce of, or locality^ and the noun "hutia," the native 
name of a nearly extinct genus of spiny-haired rodents (Capromys) 
which was hunted by the Indians and which was probably abundant 
wherever there was a patch of esculent tubers. It is thus possible that 
the tubers themselves were first called after the pláce in which they 
were found. 

Taro was usually distinguished by the name " yautia malanga," and 
"malanga" has continued as the local name for taro in Čuba, Haiti, 
and Porto Rico. 

The origin of the name tanier is unknown. The u r" is not ordi- 
narily pronounced by the negro inhabitants of the British West Indies, 
and thus the spelling, "tannia" or "tania," is frequeftly seen. 

In Porto Rico alone of all the West Indies the native plant names 



a An. Rpt. Bmithsonian Institution, 1903, p. 481. 

&See Bul. Torrey Bot. Club, 31 (1904), p. 445. 

cThe American Origin of Agriculture, O. F. Cook, Pop. Science Mo., Oct., 1902. 
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Fig. 2.— Yautia Palm*. 
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háve been caref ully preserved, and many proofs of their remarkable 
differentiation and precision in use could be cited. The Arawak name 
of the island itself, " Boriquén," meant u strong man^ land,"and "Ara- 
wak" was the name contemptuously applied by the roving, flesh-eating 
Caribs to the "eaters of meal," who tilled the soil by means of the 
primitive wooden hoe, called "coa" in Boriquén and other large 
islands. 

Hence it is safe to assume that "yautia," the Porto Rican name, is 
the oldest and most legitimate for the plant in question. 

Three species of yautia exist in a wild statě in Porto Rico; these are 
found in shaded ravines, usually near water courses. They flower 
f reely, but no seed has been noted thus far. 

The numerous varieties which háve been under cultivation for per- 
haps many thousands of years belong to the very similar if not iden- 
tical species, Xanthosoma sagittasfólvum and X. atrovirens, or else to 
X. violaceum. The last is readily recognized by its purplish leaves; 
only two varieties of this species are known to the. writer. The 
intense localism of the fifteen or twenty distinct native varieties of 
yautia* in Porto Rico is difficult of explanation, and it can not be 
accounted for by *popular preference or prejudice nor by varietal 
adaptability to soil conditions. Numerous cases háve been noted of 
the absence of certain excellent varieties in distriets of easy access. 
On the average, f ully 50 per cent of the varieties in a given district 
are confined to that district. The most tenable theory suggested for 
this localization of varieties is that although all varieties were com- 
mon to all sections of the island at the time of the Spanish discovery, 
the one hundred years of subsequent strife and sweeping changes, the 
extermination or absorption of the originál cultivators of the plant, 
the existence of slavery, and the entire change of agricultural condi- 
tions in the last three hundred years háve caused some varieties to 
become extinct in each section, and as there is little need to import 
others when each locality has three to six of its own, such exchange 
of varieties has not progressed. 

GEOGEAPHICAL DISTEIBUTIOH. 

The number of cultivated varieties in the Lesser Antilles (PÍ. II, 
fíg. 1) is about ten; Trinidad has nearly the samé number, but Vene- 
zuela and Colombia appear to háve only about one-half this number, 
though the quality of the principál varieties cultivated about Caracas 
is most excellent. In Central America there are three or possibly 
more varieties, one or two of which are in a semiwild statě. Southern 
Mexico appears to be the northern limit of the yautia as an important 
root crop. Southern Brazil is probably the southern limit. Čuba has 
been reported to háve only varieties of taro or "malanga," but since 
the latter is also the name of the yautia in Čuba and Santo Domingo, 
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and since specimens of yautias were recently received from the Esta- 
cion Agronómica at Santiago de las Vegas, Čuba, it is certain that 
several varieties of yautia do exist there. One of the best varieties 
now grown, on the west and north coasts of Porto Rico, is said to háve 
come from Santo Domingo. 

The yautia is reported as absent from the Philippine Islands, and 
it is stated on good authority that this crop was unknown in Hawaii 
until sent thither by this station in 1902. At least one species of 
the "Eddas'' of western Africa is a Xanthosoma, which was probably 
introduced from some of the British West India Islands. 

No record of the yautia as a crop in southern South America has 
been obtained. So far as known the tirst specimens of yautia to reach 
Asia (Singapore) or Australia (Ipswich, Queensland) were distributed 
by this station. And it appears that, although more readily propa- 
gated, more productive, and fully as palatable as the taros, which 
probably originated in the samé region, the yautia has unaccountably 
remained exclusively a tropical American plant. 

CTTLTIYATED VARIETIES. 

The cultivaiied varieties of Porto Rican yautias may be classified 
under six ty pes, more or less distinct, as follows: Blanca, Manola, 
Amarilla, Martinica, Vino, and Violacea. 

BLANCA TYFE. 

The two varieties of this type are large, vigorous growers, bearing 
whitish tubers of an elongated, obovoid shape. 

The Rolliza of the northeastern part of the island is the most pro- 
ductive of all varieties tested thus far at the experiment station 
grounds. It also shows less tendency to "sucker" than any other 
variety, thus throwing its strength into the body of the tubers rather 
than into the leafy shoots from their tips. The tubers háve but verv 
f ew, appressed u eyes," and but f ew roots. Single tubers occasionally 
weigh 2£ pounds, though 1 pound is about the ordinary weight; 4 
pounds is not unusual as the product of one plant. The outer surface 
being smooth, there is almost no waste in the kitchen. The slender- 
ness of the base renders the tuber very easity detached from the 
ifc madre," or centrál rhizome. The leaf is bluish green and the petiole 
bears only a íine maroon line along the sinus margin; the thick leaf- 
stalks háve a character which distinguishes this variety from all 
others — that of lopping outward as if too weak to bear the broadly 
triahgular blade. It is one of the earliest varieties, yet keeps well 
for months in the ground after ripening. The "madre" is also of 
fairly good quality, though sold for only about one-half the price of 
the tubers in the market. This variety practically nevěr flower^. On 



13 

account of its supposed pláce of origin it is sometimes known as the 
''Luquillo." 

This variet} 7 was the only one noted in the market in Caracas, Ven- 
ezuela, in the dn r season. Thus far it is the only native variety which 
is known to occur also in Jamaica and Trinidad. A very similar 
variety has recently been received f rom Guatemala and f rom Čuba. 

The Blanca is common throughout the island. Though dosely 
resembling Rolliza, it is distinguished by its slender upright petiole, 
thinner and narrower leaf blade, and more elongated, smaller tubers 
having more prominent "eyes" and more roots. It neems to réquire 
a moister soil than most varieties. It is quite resistant to fungus 
attacks. The "madre" is inedible unless well dried, on account of the 
raphides (crystals of calcium oxalate) contained in its circumferential 
portion. It is a latě variety, requiring nearly twelve months to 
mature. This name is commonly applied also to the true Rolliza in 
the vicinity of Mayaguez. This is almost the only variety of which 
the flower has nevěr been noted in our plate. 

MANOLA TYFE. 

This type is distinct f rom all others in the flatness of the leaf blade. 

The Manola appears to be confined to the western end of the island. 
It resembles the Rolliza somewhat, but the shortness and flatness of 
the blade readily distinguish it even at a distance. The tubers, how- 
ever, are yellow inside, smaller, and less numerous. 

The Gengibrilla resembles the Manola in outward appearance, except 
that the petiole is of a lighter green and has considerable reddish- 
maroon shading on the inside of the sinus wings. The tubers, however, 
are of a pinkish shade and comparatively very slender in shape. This 
variety appears to be fairly productive, but the slenderness of the 
tubers proves an objectionable character. It is common in the vicinity 
of Arecibo; at Cidra it is known as "Agua" or " del Rio." 

No. 32 of the station collection has the samé flat blade of triangular 
shape as the Manola and Gengibrilla. The tubers, though much 
shorter, are pink as in the Gengibrilla; but the distinguishing char- 
acter is the large blotches of reddish mauve on the margin of the 
sinus. Some of the petioles are entirely green, but usually a few 
irregular-shaped blotches are prominent on the inner margin. This 
variety is known in the Mayaguez district as " Islena,' , but this name 
could not be ušed in our lists on account of the samé name being 
applied to a distinct variety in the Ponce district. 

AMABXLLA TYFE. 

The Amarilla of the western half of the island is a low-growing 
variety having gray-blue leaves, short, unmarked petioles, and short, 
rough tubers. The tubers are yellow or yellow orange inside and of 
ř. very firm textuře. Unless boiled for a long time and mashed the 
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hardness of the tu ber is prejudicial to its extensive use. The richness 
of the flavor, however, and the excellent keeping qualities commend 
this variety to more generál cultivatíou. It succeeds well in dry soil 
and is resistant to fungus attacks. This is perhaps the latest of all 
varieties growing at Mayaguez, and serveš to tide over the interim of 
scarcity until the Rolliza appears in market toward the end of the 
rainy season. 

It has been received from only one other station in tropical Amer- 
ica — Čuba. 

Another fine variety of this type is the "Dominica" of Arecibo. 
This variety is known in the eastern part of the island as "Minas," and 
at Mayaguez as " Šaman al." It is a larger plant than the "Amarilla, " 
and is a favorite wherever grown. The leaf blade and petiole resem- 
ble those of the Islena greatly, but the petiole bears a few blotches or 
stripes of a maroon color along the sinus margin. The greatest dif- 
f erence separating the Dominica from the Amarilla is the slender hábit 
and pale-green leaf. The tuber in some respects is the finest flavored 
and richest of all the varieties of yautia tested thus far. It should be 
generally cultivated, since it proves fairly productive and resistant, 
thus far, to f ungus attacks. 

MABTIKIOA TYPE. 

The Martinica is a medium-sized variety of local occurrence. In 
some localities it is known as "Huevo," and in others as "Quintal," 
or "Amarilla." The petiole shows streaks and blotches of maroon, 
pink, and cream along the sinus wings. It is fairly productive, but 
there is a tendency to overstooling, and for this reason it should be 
harvested early. The fair-sized tubers are more nearly cylindrical 
than in any other variety perhaps; they bear many roots, however, 
and are firmly attached to the "madre." The color is deep yellow 
inside, and when cooked this turns to an olivě or grayish-yellow shade. 
They are so rich that only a few ounces suffice for the carbohydrate 
portion of a meal. Like the Amarilla, their fírmness is a rather objec- 
tionable characteristic. This variety shows the greatest tendency to 
flower of all the varieties tested. Not only does it flower f requently, 
but teratological monstrosities háve been noted in several instances, 
as for example double spathes, coherent peduncles, and distally flat- 
tened spadices. Unf ortunately this otherwise highly desirable variety 
is very susceptible to f ungus diseases. 

The Orqueta is a small variety having pale yellowish green leaf 
blades on short yellowish white petioles, which bear a few streaks of 
maroon along the sinus margin. It appears to be known only from 
the south side of the island. The tuber resembles that of the Amarilla. 
Our tests thus far indicate that it is inferíor to the Amarilla in hardi- 
ness and productiveness. 
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VINO TYPB. 

The Vino is a sinali, weak-growing yautia from the north sideof the 
island. On account of its excessive stooling hábit and unproductive- 
ness it is not generally cultivated. Its small, slender, pinkish tubers, 
however, are of excellent quality and present a fine appearance on the 
table; when boiled the well-ripened tuber becomes a deep purplish red, 
is flaky oř "mealy," and has a delicate nut-like flavor distinct from the 
other varieties. The leaf blade is dark green with light-colored veins, 
and the petiole is stained with purple along the inner margin. The 
flower has not been noted. This variety is called "Punzera" in Rio 
Piedras and "Amadea" in Cidra. 

The Islena is a strong-growing variety having glaucous blue leaves 
with a long, strongly concave blade. The petiole is shaded, especially 
near the base, with a bluish red tinge on the inner side. The tubers, 
which resemble tbose of the Vino, are fairly prolific and of good 
flavor. In good soil this variety attains a height of 6 feet; much of 
the strength, however, is lost through its excessive "pichoneria," or 
stooling. This variety is common in the district north of Ponce. 

VIOLAOEA TYPE. 

Though the two varieties of the Xanthosoma violaceum are fre- 
quently conf ušed, except in a locality where both are commonly grown, 
they are quite distinct in all characteristics except the color of the leaf 
and petiole. 

The "Guayamera," as it is called at San Juan, is not common in the 
Mayaguez and Ponce districts. The leaves of the true Guayamera are 
of a purplish green with maroon purple veins and blackish purple 
petioles, the entire surface of both blade and stalk being covered with 
a bluish or grayish bloom. The blade is attached at an acute angle 
with the petiole and thus hangs nearly vertical. It frequently attains 
a height of 6 feet or more. Although stooling rather badly , the yield 
is good and the quality of the medium-sized tubers is about equal to 
that of the Vino, while their color is fully as fine. It does not flower 
under ordinary circumstances. Though a very popular variety for 
bome use, the tubers are almost nevěr to be found in the market. It 
is rather subject to fungus attacks. 

The true Prieta, or Morada, seems to be but little known in most 
districts of the island, though it is one of the very best varieties thus 
far tested. Its hábit above ground is very similar to that of the Guaya- 
mera, but the leaf blades are set at right angles to the stalk and stand 
out, displaying the strong purple-veined ribs of the lower surface of 
the strongly concave blade. The tubers, however, are short, cylin- 
drical, and of an orange-yellow color inside; the flavor is excellent. 
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Thls variety is fairly productive, attains a beigbt of 6 feet, and is 
fairly resistant to fungus attacks. Thus far it has been noted in cul- 
tivation only at Rio Piedras and Arecibo. 

IMPORTED VARIETIES. 

Over fifteen cultivated varieties f rom Venezuela, Colombia, Guate- 
mala, British Honduras, Čuba, Jamaica, Trinidad, and the Gold Coast, 
Af rica, are under trial on the statiorťs test plats. Most of these varie- 
ties fall into either the Rolliza or Vino t} 7 pes, though several tall- 
growing varieties somewhat reserabling the Isleňa in hábit above 
ground háve mauve or reddish petioles and large reddish tubers of 
«xcellent quality. On account of the extréme difficulty of securing 
materiál f rom Central America and Colombia, those important regions 
are not well represented in our collections; doubtless several good 
sorts new to Porto Rico might be obtained f rom those countries. 

8EMICTTLTIVATED VARIETIES. 
PALMA. 

The Palma (PÍ. II, fig. 2) is a variety f ound both wild and in a semi- 
cultivated statě throughout the interior of the island. In times of 
scarcity the rootstock is ušed for the table, but it is usually boiled 
and fed to swine and poultry. 

In all its parts this plant differs sufficiently from the foregoing 
varieties to constitute a distinct species, or at least subspecies. No 
description has been found by the writer. 

The leaves are of an olivě green, frequently 4 feet long by 3 feet 
broad at the base. The petiole is shaded from duli green distally to 
purplish maroon along the sinus. The spathe, which is frequently in 
evidence, is 12 to 18 inches long, slender, glaucous maroon below, shad- 
ing to pinkishyellow above; the odor is rather unpleasant and pungent. 
The erect rhizome is 4 to 8 inches in diameter and at the age of two 
years may attain 2 to 3 feet in height by accretion at the top, after the 
manner of palms. No offsets are produced under ordinary circum- 
stances, though small tubers with a yellowish interior háve been 
observed in old plants. About 10 pounds is the weight of a 1-year- 
old rhizome; this weight would be nearly doubled, normally, at the 
end of the second year. 

The percentage of starch in the rootstock is about the samé as in 
that of the Rolliza; the fiber is coarser. 

The Palma resists f ungus attacks better than any other yautia. 



The Belembe occurs wild in moist soil in the station grounds and in 
a semicultivated statě near Arecibo and San Juan on the north side 
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of Ae island. It was not noted in the Luquillo Forešt Keserve in the 
northeastern portion of the island. This plant is Xanthosoma hastifo- 
limu of C. Koch. 

The peculiar concave leaves with elongated, slightly twisted basal 
lobes and a prominent marginal vein mark this species aá very distinct 
from XantfitHfoma aagittsefolium. The flower is very similar in shape 
but paler in color than that of the latter species; it attains only 3 to 
5 inches in length. This species is stemless, and the leaves seldom 
stand above 1£ feet. There are no tubers, the offsets of the centrál 
root stalk sending up leaves even when very sinali. A chnnp may 
contain 5 to 15 suckers about the old plant. 

Though of less substance than those of X. mgiU&folium, the Belembe 
leaves are preferred by the natives as a spinách. 

CIMAB.BONA. 

The Cimarrona, or Brava, is nevěr cultivated, but occurs commonly 
throughout the island. It prefers moist or shaded soil. In hábit it 
closely resembles the Belembe, but the leaf is quite different. The 
petiole is short with wide sinus wings, and, like the blade, is of a 
glaucous grayish-blue color; the midrib is placed at one side of the 
medián line, and the other veins are not prominent in the rather thick 
parenchyma. The basal lobes are small and narrowed. 

The spathe resembles that of the Belembe, but is more flesh} 7 and of 
a yellowish-white shade. 

The juice of the corm-like rhizome is yellowish at iirst, but soon 
thickens and turns dark. This juice, or the grated root itself, is ušed 
by the natives to kill grubs or maggots in sores on cattle or horses. 
Raphides are undoubtedly the principál agent in this effect. 

FALŠE YAUTIAS. 

YAUTIA BRAVA. 

A wild Caladium occurring as a weed in moist fields is known as 
Yautia Brava. The leaf, which attains a height of 8 to 12 inches, is 
peltate and of a dark-green shade with a coppery luster. The flower 
spathe is similar to that of the cultivated varieties. The corm is yellów 
inside and the juice is ušed, like that of the u Cimarrona, ,, to kill mag- 
gots in sores. 

MALANGA. 

Doctor Coll v Toste believes this to be the West Afričan name of 
the taro (Caladiiint coloeťtsia)^ but O. F. Cook evidently considers it a 
genuine Arawak word. It is sometimes ušed by the natives as /an 
adjective and sometimes as a substantive, evidencing their correct 
appreciation of the species as a plant distinct from the yautia. 
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Only one natí ve variety is known. It flowers but, unlike the Trin- 
idad and Hawaii varieties, does not produce seed. 

The leaf is always peltate and the blade usually hangs nearly vertical. 
The roots are sold in Porto Rico at about one-half the price of the 
yautia tubers. The rhizome is the only part eaten, tbough very small 
offsete, like those of Yautia Palma, are sometimes produced. These 
roots attain 1 to 3 pounds weight in rich, moist soil in one year. 

The starch grain of this root is exceedingly small, and for this rea- 
son the plant has little value as a starch producer. It is likely to be 
pasty when boiled. 

YAUTIA DEL MOKTK, OB GUAPA. 

This is a very rare and interesting Porto Rican aroid described by C. 
Koch as Dracontium asperum f rom Brazil and apparently is not f ound 
elsewhere in the West Indies. It is f ound in a wild statě in some parts 
of the island in moist, shaded soil. The single, pedately decompound, 
pertuse leaf attains 8 feet. The mauve, arched spathe exhales a poi- 
sonous odor. In times of scarcity of other roots the large lenticuiar 
or roundish corm is dug and eaten by the natives. The taste and 
appearance of the cooked root suggests squash. 

Two colonies of this plant occur on the station grounds in a wild 
statě. It does not yield readily to cultivation. 

YAUTIA PANÁKA. 

This is the native name for Alocasia maerorhiza, which occurs com- 
raonly in a semiwild statě throughout the island. The large rhizome 
contains a moderate amount of starch; it is ušed principally for feed- 
ing swine, and for this purpose should be cut into pieces and thor- 
oughly boiled. On account of the insoluble crystals of calcium oxal- 
ate (raphides) contained in the cortical portion it is unsuited to use 
as a table root. 

Even 9-foot plants háve thus far resisted all attempts to shock theni 
into flowering. 

The caulescent rhizome attains a weight of 10 to 25 pounds in one or 
two years. 

YAUTIA DEL JABDIN. 

This is the local name applied to the cultivated ornamental varieties 
of Caladium (Cyrtospadix spp.). 

PR0P0RTI0JTS OF DIFFEREJTT PARTS OF THE PLANT. 

On account of the very diverse habits with regard to stooling among 
native types of yautias in Porto Rico, the different varieties show 
great variation in the percentage of net food materiál to the weight 
of the entire plant. Plate III, íig. 1, shows normál specimens of three 
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of the common types with offsete; and the folio wing table indicates 
the plant proportions of the principál varieties: 

Proportions of different parto of the yautia planí. 



Variety. 



Leavea. 




Amarllla . . . 
Guayamera. 
Martinica . 
Rolltza 



Pounds. 
7.26 
4.5 
6.0 
3.5 



Pounds. 
2.5 
2.0 
1.25 
2.25 



Offsetu. 



Tubers. 



Pounds. 
4.25 
1.76 
1.75 
1.50 



Pounds. 


Percent. 


1.5 


10 


2.6 


21 


2.5 


22 


3.76 


34 



The above proportions do not vary greatly during the life of the 

plant, since the súckers increase nearly in ratio with the increase of 

the tubers. The great economic superiority of the Rolliza is clearly 

indicated by the above table and is f urther brought out by its early 

maturity. 

CTJLTUEE. 

The culture of the yautia in any frostless region of the globe pre- 
sents very few difnculties; indeed, the re are few if any crops which 
are cultivable under such a wide range of conditions. 

Like most aroids it demands a good share of moisture, but let the 
soil be heavy clay or light sand, seacoast or mountain top, shaded 
ravine or sunny plain, a crop of tubers is a foregone conclusion. 
Though in Porto Rico only about 2 per cent of all the cultivated land 
is planted with yautia, it must be ranked as the third most important 
root crop of the island; because of its high productiveness, facility of 
culture, and adaptability to various conditions, it is in many respects 
superior to either the yam or sweet potato. 

In shallow soils the yautia suffers considerably during prolonged 
drought; the leaf surface is reduced, and little or no development is 
made. In hot weather, however, with frequent showers, this plant 
rivals all others of its kind in rapidity of growth. 

To prevent petty pilfering the farnily yautia plat is usually located 
very close to the dwelling, where it may be under the protection of 
the watchdogs at night. Hence no large fields of this crop are to be 
seen in Porto Rico; a half-acre plat is unusually large. Systematic 
cultivation is seldom practiced by the natives. It is sometimes planted 
in rows, but the hills are more often at irregulardistances. Desultory 
weeding and hoeing is practiced, but it is probable that no horše culti- 
vator has as yet ever graced a field of this, probably the oldest crop in 
the world. The natives' idea is to plant the sets so close together that 
when about half grown the leaves will meet and shade the interspaces, 
thus keeping down the weeds with no effort on the part of the planter; 
this method is also ušed in cane fields and has at least a few advantages. 
Close planting, however, causes slender plants and a low y ield per hill. 
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Experiments at the statioiťs trial grounds indicate that the best 
distances for ordinary soils is about li by 3 feet; in good soil 1 square 
yard is barely enough for each plant, since many varieties, especially 
some of those from Jamaica, f requently stand over 6 feet high. 

Eight to ten thousand planta may be set per acre. 

Both the tops of the old rootstocks and the tubers themselves are 
ušed as "seed;" the former, called the "palma," is preferable because 
it sends up a strong le<tf shoot at once after planting and tends to 
throw out fewer suckers. This "palma," or "bead," is prepared by 
cutting off the tip of the old stem, leaving i to li inches of the leafless 
portion and about 4 inches of the leaf bases; the dead bases of the lepf- 
stalks are peeled off from this head till f resh tissue is visible. In setting, 
the tip of the bunch of petioles is lef t just above the surface of the soil. 

Sections or pieces of the old rootstock are also ušed in planting, but 
since each "eye" is likely to throw up a sucker, this method is ušed 
only when scarcity of good "heads" so necessitates. Similarly, the 
tubers are not generally ušed for propagation, since their still weaker 
"eyes" tend to produce slender, slow-growing planta. 

In planting, especially in wet weather, the sets or tubers should be 
only lightly covered in holes 8 to 12 centimeters (3 to 5 inches) deep. 
The dry season, from December to April, inclusive, is usually pre- 
ferred for planting. A full crop may be expected in from ten to 
twelve months. Tubers may be found in the markets of Porto Rico 
nearly every day in the year, though their price from July to October 
may run from 2i to 3 cents per pound, about three times the price 
in the season of generál harvest (January to April). 

The normál price of yautia is a little less than that of the yams, but 
nearly double that of the sweet potato. The "madres"of Rolliza 
and Amarilla usually seli for one-half cent per pound, i. e., about 
one-half the price of the tubers. 

FEBTILIZEBS. 

The experiments thus far completed at the station grounds are not 
conclusive as to the requiremente of the yautia in the matter of applied 
plant food. Like all root crops which give very heavy yields, this 
crop demands either a naturally rich soil or one well manured. 

Unfavorable results háve thus far bcen obtained with nitrates. 
Stable manure has given the best results; a plat treated with horše 
manure at the rate of about 20 tons per acre yielded at the rate of 
about 16 tons of tubers per acre — just double the yield of a check plat 
in the samé experiment. Coffee pulp, rotted in the heap and applied 
in the hill, gave a yield of 12.4 tons per acre. A "complete" chem- 
ical fertilizer applied broadcast before planting gave a yield of 11 tons 
per acre. 



— Root System of Yautia, Sho#ing Wkole System, Top, Madre, i 
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HARVE8TDÍG. 

The usual method of harvesting yautia is by hand pulling, supple- 
mented by the use of the mattock. (PÍ. III, fig. 2.) The leafstalks of 
the mature plant are gi a asped in both hands, and if the soil is moist or 
sandy, one strong pull brings up the entire root systém; if some tubers 
break off from the rhizome and remain in the ground they are readily 
brought out with a blow or two of the hoe. If the soil is hard it may 
be necessary to loosen it with a hoe on one side bef oře pulling with 
the hands. A vigorous shake after removal from the ground gener- 
> ally serveš to break off all the mature tubers from the centrál root- 

stock, their weight causing the narrow, brittle base to snap off close 
to the parent root; this is especially true as regards the Rolliza 
variety. The small tubers which may still adhere are given a quick 
thrust with the thumb or a light blow with the fist. In loose soil one 
man can gather the tubers from 5 to 10 plants per minuté; that is, 
1,000 to 2,000 pounds of tubers per hour. The leaves are usually left 
attached to the "madre" for some days after harvesting; then they 
are cut off about 4 to 8 inches above the top of the old root, which is 
thrown into a pile to await planting time, or if for market the fine 
roots are trimmed off with a machete and merely the tip, or " palma" 
is reserved for the seed pile, while the edible portion is sold along 
with the tubers. (PÍ. IV, fig. 1.) 

In some of the British West Indies, especially Trinidad, another 
method of harvesting, called "cast^ation, ,, is sometimes employed;, 
this consists in removing the mature tubers from the plants in šitu by 
means of the machete. Though many of the feeder roots are neces- 
sarily severed in this operation, the plant appears to suffer only a 
slight check, and within six to eight months another crop is ready; in 
rich soil it is said even a third crop may be gathered from the samé 
plant, making a yield of some 30 tons of tubers per acre in about 
eighteen to twenty-four months. This method has given good results 
at the station grounds with the variety called Rolliza. 

A similar method is commonly practiced by the natives with the 
Guinea } r am, though the second crop obtained is usually planted 
instead of being ušed for food. 

YIELD. 

While single plants may yield as high as 6 or more pounds of 
tubers, the average for common varieties in ordinary soil may be 
reckoned at 2 to 3 pounds per hill. With 10,000 plants per acre this 
gives 10 to 15 tons of roots per acre. To this may be added 5 to 8 
tons of the "madres," which in several varieties are sold for table use 
and which may be utilized as a source of starch or for fattening swine 
and poultry. 
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KEEPIHG aTJALITY. 

The tubers keep better in the ground duríng the dry season, and as 
little growth is made at this time, they are usually left and cropped 
when the market demands it. If kept dry after being haryested they 
resist rots fairly well; indeed, single tubers háve been carried over 
six months in the station office, yet when planted sprouted readily. 
In Porto Rico they are seldom kept longer than a few weeks after har- 
vesting, for there is little domestic traffic and no export trade what- 
ever. Taniers in barrels are a comraon article of commeree among 
the British West India Islands. Single tubers háve been successfully 
sent by mail to Queensland, Australia, to Singapore, and to the Gold 
Coast, British West Africa. The tubers, however, lose raoisture 
quite rapidly when exposed to the air. 

DI8EA8E8. 

All parts of the yautia excepting the parenchyma of the leaf are 
filled with a thick juice, which protects the plant against the attacks of 
insects, fungi, and bacteria. A tuber cut nearly in two transversely 
was recently received from Central Guatemala without a trace of 
decay having spread from the wound, the cells at a distance of 1 milli- 
meter from the cut surfaces being perfectly healthy upon arrival. 
The juice undoubtedly has great germicidal power. 

During the dry season the leaf blade sometimes shows large roundish 
patches of dead tissue; these usually make their appearance at or 
near the margin, rarely occupying the center of the blade. Concen- 
tric rings of a darker shade are generally noticeable in these spots, 
but thus far no fungus in a fruiting stage has been noted in fresh 
materiál. Specimens of affected leaves sent to the Bureau of Plant 
Industry of the United States Department of Agriculture for exami- 
nation contained upon arrival Periconia pycnosporia and Gloeosporium 
sp. It is possible, however, that this trouble is of a physiological 
origin, due perhaps to the lack of moisture and to impeded sap circu- 
lation in the leaf tissue. 

A white mycelial growth is frequently f ound on the surface of the 
tubers and rhizomes; on the former the white threads seem to dó no 
injury whatever, but about the top of the rootstock there are fre- 
quentty to be found patches of agglomerated hypheB, beneath which the 
cortical tissue is partially destroy ed. The bases of the leaves are rarely 
attacked, but in a few cases háve been noted as affected by a soft rot. 
"Heads" showing any trace of the yellowish or whitish areas caused 
by fungus myeelium should be discarded in planting. 

White mycelial growths are frequently in evidence on yams, cassava, 
etc, and were present on rhizomes of a yautia recently received from 
West Africa. 
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The most serious disease affecting the yautia of Porto Rico is known 
as "el mal," and is probably of bacterial origin. (PÍ. IV, fig. 2.) 
The point of attack is the base of the rhizome; the fibro-vascular 
bundles become clogged with masses of bacteria and broken-down 
cells, gradually assuming a dark-brown color. From three to six 
months may elapse before the entire rootstock is affected. The result 
of this infection is the gradual spreading of the decay throughout the 
root stem and the consequent death of the leaves. The tubers^ how- 
ever, are rarely attacked, and if left in šitu throw up healtRy shoots 
around the old "madre." Even when slightly attacked the rootstock 
beeomes imfit for table use. It should be fed to swine or burned, and 
neither the "heads" nor the offsets should be saved for planting. 
This may be identical with the disease prevalent in some of the British 
West India Islands caused by Peronospora trichotoma. 

COMPOSITION. 

Analyses of two samples of yautia háve been made at the Maine 
Experiment Station, *:nd the results given below are quoted from 
unpublished materiál. A white variety contained 85.9 per cent edible 
portion and 14.1 per cent refuse, i. e., parings. A yellow variety 
contained 76.9 per cent edible portion and 23.1 per cent refuse. In 
the preparation of ordinary Irish potatoes and sweet potatoes for the 
table, the edible portion constitutes on an average 80 per cent and the 
parings or refuse 20 per cent of the tuber. The following table shows 
the composition of the two varieties of yautia analyzed, calculated to a 
uniform basis of 70 per cent of moisture, and includes for purposes of 
comparison the composition of Irish potatoes and sweet potatoes: 

Composition of yautia* and potatoes. 



Yautia and poutto. 



Water. 



Protein. 



White yautia . 
Yellow yautia 
Irish potato. . . 
Sweet potato . 



Percent 
70.0 
70.0 
78.3 
69.0 



Fat. 



Total carbohy- \ 
dra tes. 



Sugar, 

starch, 

etc. 



i 



Percent. 
1.7 
2.5 
2.2 
1.8 



Percent. 

0.2 

.2 

.1 

.7 



Percent. 
26.3 
26.1 
18.0 
26.1 



Crude 
flber. 



Ash. 



Fuel 

value per 

pound. 



Per cent. 

0.6 
.6 
.4 

1.8 



Per cení. 


Oalories. 


1.2 


529 


.6 


538 


1.0 


385 


1.1 


570 



The analyses show that yautias do not differ materially in composi- 
tion from the potatoes. As is the čase with potatoes, carbohydrates 
constitute the chief nutritive materiál. An examination of the yautias 
shows that the principál carbohydrate present is starch. 
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U8E8. 

Without the yautia the people of the interior of Porto Rico would 
be largely dependent upon one native article of diet — the Chamaluco, 
or Mafafo banana. Unlike the yam, the yautia may be cropped at 
almost any time of the year; and unlike either the yam o~ the sweet 
potato it can be grown in moist soil along the beds of streams in tbe 
clayey soils of the coffee districts, as well as in the swampy alluvium 
along the rivers near the coast. 

The tubers, boiled, form a large part of the diet of the laboring 
•classes; fried, they enter into many dishes on the planter's table; 
unfortunately the custom of baking is comparatively rare in Porto 
Rico, but the large tubers when baked are highlj' prized in Jamaica 
*nd Bome of the other British West Indies. If harvested before fully 
developed the tubers are liable to be watery after boiling, and if left 
in the ground till the tip sends up a leafy shoot the old root is likely 
to háve a strong taste and requires a longer time for cooking. 

The yellow-rooted varieties, especially the Martinica, require a 
.somewhat longer time over the íire than do the ordinary yams or sweet 
potatoes, but the white varieties, like Rolliza, cook in about the samé 
time as is required for lrish potatoes. When boiled the white varieties 
should be removed from the water as soon as doně to prevent their 
ť alling to pieces, while the Martinica or the Amarilla may be left any 
length of time without danger of their crumbling in the kettle. In 
fact, the Martinica is at its best if mashed after boiling and made into 
small cakes or croquettes, for otherwise, unless eaten at once while 
bot, its firmness is objectionable. The water in which the tubers are 
boiled should be well salted. 

In boiling the tubers the thin skin should be removed previous to 
putting them into the water. When baked the mealiness and peculiar 
flavor of the yautia are much better brought out than in any other 
method of cooking; the skin may be left on in baking or roasting. 

The various kinds and colors of yautia are well adapted for use in 
puddings, croquettes, stews, soups, purées, etc. The pink-rooted 
varieties make an attractive dish when served entire. 

A favorite manner of serving the yautia is as follows: The tubers 
are peeled, boiled in salted water, and mashed; then milk, or eggs, and 
grated cheese are added, and the mixture is made into croquettes 
and fried. 

Parboiled, cut in thin slices, and fried is a native method which 
brings out the characteristic flavor to good advantage. 

In fact, the yautia may be ušed in any way in which the so-called 
" lrish" potato is ušed. But while there is verv little difference in 
flavor of the many varieties of potatoes, there is considerable varia- 
tion in flavor, as well as in color, among the yautia varieties. 
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Ušed ae a pot herb the young leaves are a valuable addition to 
the list of f resh vegetables in the Tropics. Though the fleshy leaf 
buds and young leaves are verv palatable as compared with other 
"greens," they may be made into a still better. dish by serving in a 
milk oř cream sauce with butter and spices. Only a very short time 
is required for cooking these leaves. The boiled leaves may also be 
fried like cabbage, and are excellent made into croquettes with eggs, 
cheese, and milk. The Belembe has a less rich, but a more pronounced 
flavor, perhaps, than any other variety. The purple leaves of the 
Violacea type turn to a duli purplish color when boiled. 

STABCH. 

As a starch plant the indications thus far are that the yautia will in 
a measure rival cassava. The yield per acre is usually much larger — 
8 to 15 tons can be reckoned on with yautia, while 5 to 10 tons per 
acre is all that can be expected from cassava. The gum content is 
greater in the yautia, but the fiber is probably somewhat less. The 
size of the starch grain is nearty identical in both plants, being about 
0.01 millimeter in diameter. 

A sample of dried tubers of the Rolliza variety sent to the Bureau 
of Chemistry, United States Department of Agriculture, at Washing- 
ton, showed a starch content of 29.17 per cent and 62.25 per cent of 
moisture; the " madre" of this variety gave 17.88 per cent of starch 
and 72.97 per cent of moisture. These figures would not be borne 
out in commercial manufacture, of coursc, and it is doubtful if any 
other variety would yield so high a percentage of starch. But in our 
experiments with the Rolliza 20 to 25 per cent of starch is readily 
obtained from f resh roots. 

The starch made from the white varieties of yautia is fully as white 
and lustrous as that from the common cassava varieties. Samples of 
this starch kept for one year in the station office show no deterioration. 

FLOUB. 

Flour made by grinding dried slices of the peeled tubers is consid- 
ered more nutritious and fully as palatable as the famous cassava, or 
bammy cakes; it contains rather less fibrous matter and no trace of 
the very dangerous hydrocyanic acid which occurs even in the sweet 
cassavas. About 70 per cent of the peeled tuber is water; thus 10 
pounds of tubers, net weight, yield, after three hours' drying in the 
oven, about 3 pounds of flour, which will pass through a fine sieve. 
This flour will keep indefinitely without becoming musty if protected 
from moisture. 

Less than 5 per cent of the gross weight of the tuber is lost in peel- 
ing. Flour made from the red-tuber varieties should prove an attract- 
ive article in northern markets. 
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Yautia flour may be ušed like wheat flour in making puddings, 
muffins, croquettes, etc. ; it requires rather more baking powder than 
wheat flour on account of its "richness." 

The cost of the raw materiál to produce 1 pound of flour is about 
2 cente. 

IFDTJSTBIAL PE08PECT8. 

In the domestic — that is, the insular — economy, the yautia already 
has a very prominent and almost indispensable pláce, but there are 
still many improvements possible in the line of distribution of the 
better varieties to those localities where less productive or less hardy 
sorts are now known, as well as by the breeding up of excellent sorts 
by selection of superior tubers. A study of the phenological adapta- 
bility of the various sorts to various soils, seasons of planting, and 
climatic districts will prove of value. 

An industry like the manufacture of stareh or flour froni yautia, 
which would increase the demand for this product, would result in 
great benefit to the poorer classes of landholders, who can now tínd a 
market for their surplus only in the larger towns. The sále of the 
product 'from even a half acre or so would furnish means with which 
the indigent native in the interior districts could obtain meat and the 
comforts which are usually so deplorably lacking in his domestic 
economv. 

Judging from the results of experiments on a small scale, which 
háve from time to time been made toward the introduction into the 
United States of yams and other distinctly tropical foods, much adver- 
tising and commercial enterprise would be required to successfully 
introduce the yautia either as a f resh tuber or in the form of stareh or 
flour into the domestic economy of the people of the United States. 
However, if a demand could be created in the Eastern States for 
yautia products, it is more than possible a trade would spring up 
which would greatly benefit Porto Rico and Čuba and add another to 
the list of important new foods from the Tropics. 

Since the yautia is almost entirely unknown in tropical Asia and 
Africa, its introduction there should prove of great importance. Tubers 
of Rolliza háve already been sent to Manila, Singapore, Queensland, 
Lagos, and the Gold Coast of West Africa. About fif teen varieties 
háve been sent to Hawaii, where they are reported as growing well and 
thus far are resistant to the taro root dise^se which causes the loss of 
nearly one-half of the crop of that staple article of the Hawaiian 
market. The better varieties háve been distributed in several districts 
of Florida, Arizona, and California, with considerable success; but 
since at least nine months are required for the maturing of most varie- 
ties, the area in the United States adapted to their culture must needs 
be very limited. 
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SUMMABY. 

The yautia is one of the worlďs oldest cultivated crops. It seldom 
flowers and nevěr produces seed. The cultivated varieties are not 
found in a wild statě. 

It is native to tropical America and is scarcely known outside of this 
distriet. Its dÍ8tribution to other parts of the world is being under- 
taken. 

Twenty-five or more varieties are known; about fifteen are com- 
monly cultivated in Porto Rico. The tubers are white, red, or 
vellow. 

The tuberous offsets of the rootstock are the principál edible portion 
of the plant, though the leaves and, in nearly all varieties, the rhi- 
zomes are eaten. The tubers are ušed like potatoes; the leaves are 
boiled and eaten like spinách; the rootstocks are ušed like the tubers, 
those of the Palma and Blanca varieties being boiled and f ed to swine. 

The tubers contain f rom 20 to 30 per cent of starch, with but a 
small amount of fíber and a medium amount of protein. 
• The crop is grown preferably in moist soil; a great variety of soils 
may be utilized, however, and 6,000 to 12,000 plants per acre may be 
set, according to the variety. The time for reaching maturity varies 
f rom eight to twelve months. 

The yield per acre is from 7 to 15 tons in ordinary spil. 

The " head," or top of the rootstock, is preferred for planting; the 
tubers or any part of the rhizome systém possessing "eyes" may be 
ušed. 

In harvesting, the whole plant is pulled from the soil by hand and 
the attached tubers broken off by shaking or by striking with the hand; 
any tubers remaining in the ground are removed with a hoe. Ripe 
tubers may be removed from the plant in šitu, and another crop may 
be taken from the samé plants without replanting; this method is 
practiced only in rich soil. 

Tubers may be left in the ground in the dry season for six to 
twelve weeks after ripening. Harvesting is usually doně in the dry 
season, from December to May. Tubers keep well if kept dry after 

digging. 
The crop has no serious f ungus nor insect pěst. 

Its introduction into the frostless region of the United States is 
possible. The fresh tubers may be shipped to the Eastern and 
Central States. 

Fresh tubers yield about 30 per cent of flour; this may be shipped 
to any point. The cost of raw materiál to produce 1 pound of flour 
is about 2 cents. 
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LETTER OF TRANSMITTAL 



Porto Rico Agricultural Experiment Station, 

Mayaguez, P. iř., Fébruary 1, 1906. 

Sir: I háve the honor to transmit herewith a mannscript by H. C. 
Henricksen on the subject of Vegetable Growing in Porto Rico. 

The idea prevails in some sections that vegetables of good quality 
can not be produced in Porto Rico. The results attained at the Porto 
Rico Experiment Station, and the experience* of practical growers in 
different parts of the island, happily show that this is a mistake. In 
nearly all portions of the island the climatic conditions are very f avor- 
able, while the potentiality of Porto Rican soils has hardly been 
touched. Not only may the condition of the inhabitants of the island 
be greatly improved by growing more and better vegetables, but the 
exportation to the States should yield a very handsome retům. 
The results obtained by planters in various parts of the island show 
that successful vegetable growing is not confined to any one section. 

This bulletin has gone into the subject in detail, as it has been 
founcl that methods applicable in temperate regions require modifi- 
cation in the Tropics. While at first glance some of the methods may 
seem of minor importance, yet they represent the difference between 
success and failure under Porto Rican conditions. 

I respectfully recommend that this manuscript be translated into 
Spanish and published in both English and Spanish as Bulletin No. 7 
of this station. 

Respectfully, D. W. Mat, 

Speciál Agent in Charge. 

Dr. A. C. True, 

Director Office of Experiment Statione, 

V. S. Department of Agricultufe, Washington, D. C. 

Publication recommended. 
A. C. True, Director. 

Publication authorized. 
James Wilson, 

Secretary of Agriculture. 
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VEGETABLE GROWING IN PORTO RICO. 



GENEEAL CONSIDEEATIONS. 

Porto Rican families grow but few vegetables. The home garden 
is usually limited to yams, yautias, and sweet potatoes, since these 
vegetables are easily grown and practically free from disease. The 
common vegetables of temperate regions are not so easily grown, are 
more subject to disease, and less is known as to the proper methods of 
growing them. The generál belief is that vegetables can not be suc- 
cessfully grown in Porto Rico. Results at this station and the reports 
of growers in many different parts of the island indicate that, by the 
use of good seed and proper cultural methods, nearly all the vegetables 
grown in temperate regions can be successfully grown here. 

In the large cities of the island such vegetables as beans, carrots, 
chard, eggplant, endive, lettuce, okra, parsley, peppers, pumpkins, 
radishes, and tomatoes are quite frequently found in the markets, and 
sometimes beets, cabbage, cucumbers, onions, muskmelons, and 
turnips; but there is no continuous supply of any of these. Most of 
these vegetables are of inferior quality. One of the reasons for this 
is that they represent simply the surplus of the home gardens within a 
rádius ofseveral miles of each city. They are not brought in with 
any regularity, but simply whenever it happens to be convenient. 
The business of growing vegetables for either home or distant markets 
is practically unknown in Porto Rico, although the market price of 
vegetables is good. Onions sometimes seli for 8 to 10 cents and pota- 
toes for 3 to 7 cents per pound. 

One serious obstacle to gardening in Porto Rico is the difficulty of 
obtaining good seed. The home-grown seed is not selected with care, 
and imported seed rapidly deteriorates and within eight to ten montfrs 
is practically worthless. Another difficulty is the heavy tropical 
rains that greatly injure germinating seeds and young plants. Plant 
diseases, due to a prolonged wet season, are also serious. Porto Rican 
homes are usually built on the hills and higher ground where the con- 
ditions for vegetable growing are not so favorable as in the valleys. 
The water supply which is nearly always necessary for successful 
vegetable growing is very inadequate. Wells are practically unknown. 
The rain-water cistern is seldom large enough for irrigation purposes 
and it is usually impracticable to carry water from the streams 

During the past season the station has conducted very extensive 
experiments with vegetables to determine what kinds can be grown 
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successfully, what varieties are best adapted to the conditions at 
Mayaguez, the time of year most favorable for planting, and the 
enemies that attack the crops. In generál the results háve been very 
encouraging. Nearly all the vegetables commonly grown in the 
United States were grown more or less successfully at the station at 
sometime during the season. Should further experiments confirm 
the work of the past season there would appear to be no reason why 
Porto Rico should not compete successfully with Florida and Čuba in 
supplying the northern markets of the United States with all the 
staple trucking crops during winter. 

It is not the purpose of this bulletin to give a detailed record of the 
work with vegetables at the station during the past year. It is 
recognized that one season's work of this kind does not form a suffi- 
cient foundation upon which to base definite conclusions or make 
definite recommendations. In other seasons and with other condi- 
tions the results with particular vegetables or varieties may be differ- 
ent. Six crops of vegetables háve been grown during the past year 
and detailed records of the results kept. When the station has 
accumulated data of this kind for a number of seasons, so that the 
average results obtained háve a definite meaning, they will be pub- 
lished. At the present time it has seemed desirable to present in a 
popular way some of the generál principles of vegetable gardening 
which apply everywhere, together with practical suggestions regani- 
ing the growing of each of the more common kinds of vegetables, 
based upon the generál knowledge of the subject as far as it may be 
applicable in Porto Rico, and upon the results secured at the station, 
and by practical vegetable growers in various parts of the island. 

SOUŠ AND CULTIVATION. 

The best soil for vegetables is a fertile, easily worked loam. A verv 
sandy soil is usually poor in plant food, does not hold moisture well in 
a dry time, and when fertilizers are applied they are rapidly leached 
out by rains. Heavy clay soils, while they retain moisture and plant 
food, are clifficult to work. In a dry time they are hard and likely to 
bake and in a wet time are so sticky as to be unworkable. Muck soils, 
if well handled, are excellent for gardening purposes, though they are 
generally poor in potash and phosphoric acid. Very little of this type 
of soil is f ound in Porto Rico. 

Of equal importance with the fertility of the soil is its physical con- 
dition. Compact clay soils are usually greatly benefited by incor- 
porating with them some bulky materiál like stable manure or by 
plowing under some green crop. This makes the soil more mellow 
and more easy to work, and the plant food in the soil is made more 
quickly available to the growing plant. So, too, sandy soils are made 
more compact and hold moisture and the plant food applied to them 
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much better if they contain an abundance of humus oř bulky materiál 
obtained by plowing under a green crop oř barnyard manure, oř some 
other kind of vegetable matter. 

All soils need frequent cultivation. There are two oř three reasons 
for this. Cultivation loosens up the soil, so that air can penetrate 
more easily. This helps to make the locked-up plant food in the soil 
soluble and more readily available to the plant. It keeps down the 
weeds which compete with the vegetables for plant food, and which, if 
not controlled, dwarf oř choke out the crop. Cultivation also tends to 
conserve the soil moisture, which is often a very important considera- 
tion. In dry weather the water in the soils is constantly rising to the 
surface in some such manner as oil rises in a wick. At the ground sur- 
face the water is evaporated and lost. Evaporation is most rapid on 
compact soils. When the top soil is cultivated, it forms a kind of 
loose, dry blanket oř mulch which greatly hinders the rapid escape of 
the moisture from below. Good crops of vegetables háve been grown 
to maturity without rain for three months or even more where regular 
cultivation was kept up throughout the whole period. 

MANUBES AND FEBTUIZEBS. 

For successful vegetable growing a fertile soil is essential. If the 
soil is not naturally fertile, it must be made so by the addition of fer- 
tilizers. Of all forms of fertilizers for bringing up poor soil oř putting 
it in condition to grow vegetables nothing surpasses barnyard manure. 
Should this not be available the land must be improved with composts, 
green manure, and commercial fertilizers. 

All refuse organic materiál can be cheaply converted into available 
plant food by composting. The compost heap, consisting of refuse 
materiál oř manure, or both, should be placed on an incline, with 
packed clay or cement foundation, with a pit at the lower side to 
receive the liquid leachings. This should be returned to the heap 
often enough to keep it constantly moist. While this involves a cer- 
tain amount of labor and some expense, it pays very well, and it is 
questionable whether the handling of manure or refuse will pay with- 
out it, because in letting the liquid leach away most of the fertilizing 
value is lost, and in letting the heap dry ferment most of the nitrogen 
is lost. 

The plowing under of a growing crop is known as green manuring. 
Any vegetable matter worked into the soil improves it physically, as 
well as chemically , but if grown on the samé land the crop will naturally 
not supply more than it derived from the soil, except humus, if it is not 
able also to derive some fertilizing element from other sources. 
Leguminous plants, whether beans and peas or the Royal Ponciana, 
are able to assimilate the free nitrogen of the air and store it in the 
plant cells. It is obvious, therefore, that legumes should always be 
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planted and plowed under for green manuring. Two of the most 
suitable legumes for Porto Rico are cowpeas and velvet beans. Both 
respond favorably to a fertilizer containing potash and phosphoric 
acid, but they are able to také up most of the nitrogen they require 
from the air, which in nitrogen-poor soil may amount to as much as 
200 pounds per acre. This is no inconsiderable gain with nitrogen 
costing 15 to 20 cents per pound. In addition to these, which may be 
called home manures, there is a number of more concentrated forms 
known under the generál term of commercial fertilizers. 

These commercial fertilizers are seldom of particular value for 
improving the physical condition of the soil, but are valuable sources 
of plant food. There are three generál classes of these fertilizers: 
(1 ) Those that supply nitrogen ; (2) those that supply potash ; and (3) 
those that supply phosphoric acid. Plants require many more differ- 
ent kinds of food than these, but these are the plant foods oftenest 
lacking in the soil. In order to get the greatest benefit from the use 
of these concentrated and expensive forms of fertilizers, they should 
be ušed only on well tilled land and pref erably in connection with ma- 
nure or compost which improves the physical condition of the soil. 

In commercial fertilizers the nitrogen is usually derived from nitráte 
of soda, sulphate of ammonia, dried blood, tankage, or cotton-seed 
meal. The principál sources of potash are potash salts, mainly mu- 
riate and sulphate, and also wood ashes. Phosphoric acid occurs in 
rock phosphate which is insoluble in its raw statě, but becomes avail- 
able when treated with sulphuric acid. This is also one of the main 
ingredients of guano, of which there are numer ous deposita on the island 
and which ought to be utilized at least for home use. Phosphoric acid 
is also largely derived from ground bone which is also treated like rock 
phosphate. The phosphoric acid contained in a commercial fertilizer 
is valuable according to the form in which it occurs. Soluble phos- 
phoric acid is worth its market value, but the insoluble form is worth 
no more, but even less, than the native guano, no matter whether the 
source is rock phosphate, Thomas slag, or bone. The reverted form, 
of which a small percentage generally occurs in commercial fertilizers, 
is insoluble in water, but is available as plant food. 

SEEDS AND PLANTHTG. 

NECESSITY FOB GOOD SEED. 

The matter of good seed is so vital to successful vegetable growing 
that it requires especial emphasis. The seed grown on the -island is 
selected for the most part from degenerated stock, and the vegetables 
grown from it are very poor in quality. Even freshly imported seeds 
soon lose their vitality in this climate and can not be relied upon. Seed 
procured from the United States from fresh stoč ks immediately before 
planting is the only sure method at present. 
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SOWING THE SEED. 

A certain amount of heat and moisture is always necessary for seed 
germination. It is variable for the diíferent species, but all the com- 
mon garden vegetables can be germinated here any time of the year. 
While moisture is necessary, it is not usually best to sow seeds in rainy 
weather, because here the rains are so heavy that the seeds are liable 
to be washed out and a crust f ormed on the top which is often detri- 
mental to the germinating plant. 

For best success in germination the soil should be mellow and moist 
without being soggy. The seed should be covered to a depth of about 
twice its own diameter and the soil should then be well firmed. The 
depth of covering may vary with the kind of soil. In a light soil the 
young seedling will be better able to force its way through than in heavy 
clay, hence in such the seeds may be covered deeper. Another reason 
for sowing deeper in light soil is that it does not retain moisture so 
well. Firming the soil as advised may seem contrary to good prac- 
tice, as the firm soil loses moisture quicker than that which is loose 
on top, but it must be remembered the seeds are sown in the top soil, 
which must be kept moist until germination has taken pláce. After 
that, when the roots are able to absorb moisture from the deeper soil, 
the top crust should be broken up. 

THE SEED BED. 

Several vegetables do not succeed well when transplanted and must 
therefore be sown in the field ; others succeed equally well sown in the 
field or transplanted, and others again must be germinated in a seed 
bed in order to succeed. The grower must decide in each čase which 
method should be ušed. If the seed is cheap and labor expensive, 
sowing in the field will be cheapest, all other conditions being equal, 
but if the weather is very dry oř if very heavy rains can be expected 
any time the seed-bed method will be the best. If the soil is infested 
with changa or cutworms, it will often be advantageous to sow in the 
field, because, while those pests would destroy all the plants if set 1 to 
4 feet apart, they will usually leave enough when the plants stand 
close together. 

Certain vegetables must necessarily be sown in seed beds, because 
the seeds are so small and germinate so slowly that when sown in the 
open they are usually killed out by weeds f heavy rains, or droughts. 
The soil in the seed bed should preferably be light and mellow. The 
bed should be located near a plentiful water supply and covered with 
materiál which will break the force of heavy rains and prevent drying 
out. For the home garden, with a small seed bed, a covering of palm 
leaves will answer the purpose ; a layer of chopped moss or ňne chopped 
grass spread over the top of the bed is also beneficial, but for large 
seed beds a covering of plant cloth is far the best. This is stretched 
over three wires, one on each side about 12 inches high and one in the 
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middle 20 to 30 inches higher (PL I, fig. 1). The cloth should be 
removed gradually and not left long enough to induce a spindling 
growth. 

SEED BOXES. 

The 80Í1 in the home garden especially is often infested with ants, 
which prey on several kinds of seeds. These can be overcome by sow- 
ing in boxes raised a foot oř more from the ground and having the legs 
wound with cloth soaked in kerosene. The cloths should be resoaked 
two oř three times a week to prevent the ants from entering. Seed 
boxes can be made cheaply, as they need to be only a few inches deep, 
with cracks oř holes in the bottom for the saké of drainage (PÍ. II, fig. 1). 
They may be placed under trees or in some shady pláce, and will need 
but little attention aside from watering. 

PBicxnra otjt. 

More seeds are always sown in a seed bed than the ground will 
accommodate after germination. If all are left to grow the plants 
will develop spindling tops and poor root systems. Some of the plants 
may be thinned out in order to give the others room,or all of the plants 
may be taken up while very small and planted into a new bed where 
they are set at a distance suitable to their size. If this process, called 
pricking out, is performed in the af ternoon or evening and the ground 
is kept moist, the plants will suffer no setback and will often develop 
better root systems than if left in the originál bed. 

TKANSPLANTING. 

It is well known that plants wilt when removed from the soil. The 
reason for this is that transpiration continues from the leaves while no 
moisture is taken up by the roots. This can partly be checked by 
removing some of the top and by keeping the roots moist. It is also 
well known that plants wilt less in cloudy and rainy w^ather than on 
dry hot sunshiny days. This is because when the air is as moist as the 
soil and the plants little evaporation takés pláce, while when the air 
is drier the soil dries out by evaporation and the plants wilt because 
of transpiring more moisture than the roots are able to supply. For 
transplanting, a cloudy or rainy day should therefore be selected. 
The plants should be taken up without injuring the roots and placed 
in a basket with the roots in one direction. The basket should be 
covered with a cloth, and in addition to that the roots may be wrapped 
with wet moss or some similar materiál. Another good method to 
check wilting is to dip or puddle the roots in clay stirred up in water 
to the consistemy of sirup, which protects the young fibrous roots 
from drying out. The plants should be set in the field at the samé 
depth at which the}' stood in the seed bed. The plant holes may be 
made with any suitable instrument, always deep enough to accom- 
modate the roots without bending and doubling, but nevěr so deep as 
to leave a hollow space underneath. 



FlQ. 1.— Seed Beds Covered with Cloth. 



FlO. 2.— METHODS OF PACK1NQ TOMATOES, EGGPLANTS, ANO PEPPEP.S. 



Fig. 1.— Seed Box ano Bamboo Pots. 



Fig. 2.— Beets, Showinq Varieties. 
ilertrfc*: a, Crimson Globe; i. Eg/ptlan; ň, Haif Lona 
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KUMBEB OF PLAtfťS PER ACRE. 

One acre contains 43,560 square feet, oř, in other words, a square 
with sides 208 feet 8} inches long is an acre. One cuerda contains a 
little less — 42,307 square feet. The following table shows the num- 
ber of plants required per acre with different distances between plants 
and rows. 

Plants required per acre at different distances. 
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ENEMIES OF PLANTS. 

Af ter the gardener has succeeded in putting his land into the best pos- 
sible condition and in securing a good stand of plants some plant dis- 
easo or insect enemy may invade the field and destroy the whole crop 
within a day or a week. The vegetable grower must, therefore, know 
not only how to plant and grow crops, but also how to protéct them 
against their enemies. If the season is wet, plant diseases caused by 
fungi or bacteria are liable to be especially abundant ; if it is dry, insect 
enemies are unusually numerous. It is desirablc, therefore, to under- 
stand in a generál way the nátuře of th^s° two grcat classes o'f enemies, 
and the generál principles involved in their control. 

PLANT DISEASES. 

Plants may become diseased as the result of unfavorable weather 
or soil conditions, or as the result of insect or fungus attacks. Only 
the diseases caused by fungi are considered hoře. 

FUNGI. 

Fungi are low forms of plants. They live entirely on other plants or 
on dead organic matter. When fungi develop on plants, they appro- 
priate the food that the plant makcs for itself to their own use, thus 
sapping the life of the plant and greatly weakening or even killing it. 
Fungi are propagated by microscopic bodies called spores, which cor- 
resoond to seed in the higher plants. These spores are produced by 
27584— No. 7—06 2 
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millions and are blown about by the aír and carried by water, insects, 
and other agents e verywhere. When they find sui table lodging places, 
as on the leaves, stems, roots, flowers, or fruits of plants, and conditions 
are favorable they germinate and grow, to the injury of the plant on 
which they develop. 

In combating fungus diseases, the aim of the gardener is to prevent 
the disease rather than to wait and try to cure the plant after it has 
become affected. This is doně by spraying the plants with some sub- 
stance that will kill the spores of the fungus before they germinate and 
become cstablished on the plant. Successful gardeners spray their 
plants at the first indication of disease, and in localities where certain 
diseases may be expected spraying is often doně even before there is 
any appearance of disease as a matter of precaution or insurance. 

FUNGICIDES. 

Remedies ušed for the control of fungus diseases are called fungi- 
cides. The most effective fungicides are made from compounds of 
copper. Mixtures containing sulphur as a base are also frequently 
ušed, and they give good results with certain diseases, like powdery 
mildew. 

Bordeaux mixture. — The fungicide of most generál usefulness is that 
known as Bordeaux mixture. The formulas for making Bordeaux 
mixture and several other fungicides which are referred to in the 
description of vegetables in this bulletin are given below. ° 

Copper sulphatc ( bluestone) ". pounds. . 6 

Stone Hme (not air-slaked) do 4 

Water gallons. . 50 

The principál active property in this mixture is the copper sulphate. 
The lime acts as a neutralizer and makes the mixture more adhesive, 
while the water acts as a carrier for the other materials. The copper 
sulphate can be bought in quantities and kept on hand without dete- 
riorating, but the stone lime will air slake very quickly in this damp 
climate, and should theref oře be brought f resh from the kiln every time 
before using, or, better, a large quantity may be slaked in a barrel sunk 
in the ground, where it will keep for a long time if covered. To slake 
lime so as to make it most adhesive, pláce it in a receptacle and add 
water little by little, enough to prevent it from air slaking or powder- 
ing, but not enough to submerge it, because in that čase some of it 
remains unslaked. 

To make Bordeaux mixture, pláce the copper sulphate in a coarse sack 
and hang it in a receptacle containing 25 gallons of water and leave 
it until dissolved. In another receptacle stir up about 10 pounds of 
the previously slaked lime in 25 gallons of water and strain it. Pour 
the two solutions simultaneously into a 50-gailon barrel, under con- 
stant stirring. It is then ready for uso. Bordeaux mixture should 

aSee also U. S. Dept. Agr., Farmers' Buls. 127, 146, and 243. 
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always be ušed immediately oř within a few hours after making, as it 
loses its adhesiveness by standing. The mixture can be saf ely ušed on 
tomatoes, potatoes, beans, etc., but for cucumbers it is necessary to 
furthur dilute it by using 75 to 100 gallons of water. 

It is very important that this mixture shall not contain an excess 
of copper sulphate, becagse it will then injure the plants. It is there- 
fore advisable to test° the mixture before applying it to tender foliage. 
Dr. B. T. Galloway, Chief of the Bureau of Plant Industry, U. S. 
Department of Agriculture, has suggested two very simple tests, which 
are asfollows: 

(1) Insert the blade of a penknife in the mixture, allowing it to remain there for at least 
one minuté. If metallic copper forma on the blade, oř, in other wt>rds, if the polished sur- 
face of the steel aasumes the color of copperplate, the mixture is unsafe and more Hrne 
must be added. If , on the other hand, the blade of the knife remains unchanged, it is safe to 
conclude that the mixture is as perfect as it can be made. 

(2) As an additional test, however, some of the mixture may be poured into an old plate 
or saucer, and while held betwoen the eyes and the light the breath should be gently blowD 
upon the liquid for at least half a minuté. If the mixture is properly made, a thin pellicle, 
looking like oil on water, will begin to form on the surf ace of the liquid. If no pellicle forms, 
more milk of lime should be added. 

Ammoniacal carbonate of copper. — This fungicide may be prepared 
by the following formula : 

Copper carbonate ounces. . 5 

Ammonia (strength 26° Beaumé) pints. . 3 

Water gallons. . 50 

The ammonia of 26° strength is not the common grade obtainable 
in grocery stores, but the stronger grade handled by drug stores. In 
making the mixture the ammonia should be diluted with 3 gallons of 
water in a wooden vessel, and the copper carbonate, in powdered 
form, should be tied up in a thin cloth and stirred around in the liquid 
until dissolved. Very often the ammonia is unable to dissolve all of 
the powder, but if a residue remains after ten to fifteen minutes' stir- 
ring it may be kept until next time of making. On the other hand, if 
all dissolves, another small amount should be tied up in the cloth and 
stirred in the liquid at least five minutes. This mixture may be kept 
in glass bottles without deteriorating if well corked. For use 1 part 
of this should be mixed with 15 parts of water. 

The copper in this mixture is in a soluble form and when applied to 
plants it does not stain, which is an advantage over Bordeaux mixture 

a The simple tests given will usually be found to answer the purpose. The following 
is an excellent chemical test for those who wish to attempt its application: Také an ounce of 
ferrocyanid of potassium (a very poisonous substance, which must be handled with care) 
and dissolve it in 4 or 5 ounces of water. Také about an ounce of the Bordeaux mixture in a 
glass or saucer and add 2 drops- of the originál copper sulphate solution in order to háve the 
sample contain more of that than the mixture. The test consists in dropping one drop of 
the ferrocyanid solution into the sample and noting the color produced. If the drop striking 
becomes slightly yeliow, the mixture is safe to apply to plants; but if it turns a bright-red 
color, more lime must be added. 
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when spraying ripening fruit. The mixture can be ušed everywhere, 
like Bordeaux mixture and is about as cheap, but it does not adhere so 
well ih rainy weather. 

Lime-sulphur mixture. — This mixture may be made as folio ws: 

Sulphur (powdered) .' pounds. . 3 

Lime (unslaked) do 3 

Water gallons. . 6 

These ingredients should be boiled down to 2 gallons, after which the 
mixture should be allowed to settle and the clear liquid drawn off. 
This should be tightly corked up if it is to be kept for sometime, and 
for use it should be diluted with water at the rate of 1 part of the 
mixture to 50 of w*ter. 

INSECT ENEMXES. 
BITINO AND SUCKINO INSECTS. 

From a horticultural standpoint the predaceous insects may be 
divided into two groups, viz, biting and sucking. The biting insects 
are those that eat the leaves or other tender parts of the plant, while 
the sucking insects obtain their food by sucking juices of the living 
plant tissues. In treating the two classes of insects it should be remem- 
bered that only the biting insects can be destroyed by poisons which 
are taken into the stomach. When a leaf x for instance, is sprayed 
with Paris green, an insect of the sucking group will obtain but a very 
minuté part of that poison by penetrating it with its sucking mouth 
parts, while the biting insect will readily eat enough of the poisoned 
leaf to kill it. Sucking insects can be destroyed by applying mixtures 
which kill by penetration or which are sticky enough to stop up the 
breathing pores or adhesive enough to prevent motion. 

ARSENICAL INSECTICIDES. 

A remedy for the control of insects is known as an insecticide. The 
various kinds of insecticides may be classed under stomach poisons 
and contact remedies. The poisons commonly ušed are arsenical 
compounds, of which Paris green and arsenate of lead are of most 
importance to the vegetable grower.° 

Paris green. — This is a green powder, which should contain not less 
than 50 per cent of arsenic. It may be ušed dry and should then be 
mixed with air-slaked lime or flour to make it adhere better. It mav 
be applied together with any of the liquid sprays at the rate of 1 pound 
per 100 gallons of water; also in water alone at the samé rate, in which 
casc it should be mixed with at least 2 pounds of quicklime, and the 
mixture should be kept well stirred up while spraying. Paris green 
is insoluble in water, but mav be clissolved in ammonia. This is a 

a For particulars see U. S. Dept. Agr., Farmers' Bul. 127, copies of which are for free 
generál distribution. 
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good tesť for adulteration, because the adulterants of Paris green are 
not usually soluble in ammonia. When using Paris green, either as a 
dust or a liquid spray, it is safest to mix it with air-slaked lime, 
because otherwise it is liable to injure the foliage. 

Arsenate of lead. — This can be ušed in the samé manner as Paris 
green, and it has the advantage of being harmless to the foliage and 
can be applied at any strength. It also adheres to the foliage without 
being mixed with other materials. 

Poisoned bait. — For changas and cutworms mix 1 ounce Paris 
green oř white arsenic with wheat bran oř corn meal, moisten the 
mixture with sweetened water, and distribute it through the field, 
placing a small amount every few feet and partly covering it with soil. 

CONTACT REMEDIES. 

Of those which kill by penetration, tobacco decoction and kerosene 
emulsion are the ones most commonly ušed by gardeners. Kerosene 
emulsion, resin compound, and whale-oil soap oř common washing 
soap are ušed as adhesives. 

Tobacco decoction. — Steep tobacco stems for several hours in sufíi- 
cient water to cover them. Strain the resulting liquid and dilute 
with water to the.color of strong tea. 

Kerosene emulsion. — The formula for kerosene emulsion is as follows: 

Soap pound. . J 

Water gallon. . $ 

Kerosene do 1 

Dissolve the soap in hot water and add the kerosene. Then with 
a spray pump emulsify the mixture by pumping it from the receptacle 
and back again, continuing from five to ten minutes or until no free 
kerosene appears on the top. This will keep in good condition for 
a long time, and for use should be diluted with 10 parts of water. 

Eesin compound. — This compound may be made as follows: 

Resin i pounds. . 4 

4 Sal soda do 2 

Water 1 gallons. . 2\ 

Pláce the resin, sal soda, and 1 pint water in a kettle and boil while 
stirring constantly until all is melted together. Then gradually add 
the rest of the water under continued boiling. This mixture should 
be strained and may then be kept as a stock solution. It contains 2 
pounds of a very adhesive mixture per gallon and may be diluted with 
5 to 10 parts of water according to the insects to be treated. This 
mixture is more adhesive than others and also cheaper. 

Whale-oil soap. — Soaps, either common washing soap or whale oil, 
will dissolve in boiling water at the rate of 2 pounds to the gallon, and 
will keep in a liquid statě if the water is not allowed to evaporate. 
For use dilute with water as directed for the resin compound. 
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BFBAYTNG APPABJLTUS. 

The requirements of a spray pump are that it must be of simple 
const ruction, all its parta must be strong, and the ones which eomt in 
contaet with the liquid must be of brass oř brass lined. The simplest 
and at the samé time one of the most efficient pumpě ia the bucket 
pump in its most improved form, and one of these ought to be in the 
possession of every gardener. For the home garden the bucket pump 
(fig. 1) answers all the purposes, but for the market garden, containing 



Pio. 1. — ITund buckrt spray 

pump. ForcoDwnientuMa flu. 2.— KiMpaaCk epraypr. The handle can tw remofíd 

longer hoae than that shown and the tank carrled ln the hand Initnd of on tho 

is nwdrd. back, if dwlred. 

2 to 3 acres, it may be necessary to secure a knapsack pump (fig. 2), 
by which a larger area can be sprayed, because no time is lost in 
moving it about. The barrel sprayer is a force pump mounted on a 
barrel, which may be moved by hand oř horše power; it is usually 
very eflicient an<l several acres can be sprayed with it in one day. 

DETAILED CTTLTUBAL DÍRECTIONS. 

While it has been fully demonstrated that vegetables can be suc- 
cessfully grown in Porto Rico, it will require but a short trial to con- 
vince the inexperieneed that for him there are more failures than 
successes. Ile should not forget. however, that valuable experience 
is gained through adverse conditions, although it may be costly. 

The following cultural directions, it is hoped, will serve as a guidc 
to the inexperieneed vcge table grower, so that he may be spared both 
time and nioney in acquiring a knowledge of successfuJ vegetable 
growing. 
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. ASPABAOTJS. 

While it has not been thoroughly demonstrated that this vegetable 
can be grown successfully in Porto Rico there seems to be no reason 
why it could not. It will survive in nearly all kinds of soil and under 
all kinds of mismanagement, but will produce no edible sprouts unless 
well manured and cultivated. It is possible that most farmers in 
Porto Rico would be able to grow it on a small scale, but for com- 
mercial growing the land selected should be a well-drained clay oř peat 
loam oř a pure peat oř muck, which must be either naturally moist 
oř else capable of irrigation. Most vegetables requiře rich soil though 
there is always a limit, but in asparagus growing it is almost impossi- 
ble to apply too much stable manure; and, unless the soil is very 
rich, a generous amount should be applied and the ground worked 
deep. 

SOWING THE SEED. 

The seed should be sown in December or January in an ordinary 
seed bed, in rows 18 inches a part. If the bed is kept moist, the seeds 
will germinate in four to six weeks and will make tops 5 to 6 feet high 
in the course of six months. The beds should be kept free from weeds, 
and if the soil is mellow and rich the roots will be large and in good 
condition for transplanting by fall. 

PLANTING AND CULTIVATION. 

In the fall when the roots are 1 year old rows should be marked 
oíf 4 feet apart and furrowed out to a depth of 8 to 10 inches, after 
which the soil in the bottom of the furrow should be loosened as deep 
as practicable. The roots should be set in the bottom of the furrow 
at a distance of 2 feet apart and the furrow íilled with soil. As soon 
as the tips show through the soil so as to outline the rows, the soil 
should be cultivated and kept free from weeds. The following Decem- 
ber, a year from planting, the tops should be cut off close to the 
ground and the soil ridged up over the rows to a height of 4 to 6 inches. 

HARVESTING. 

In January the sprouts will be coming through the top and sides of 
the ridges and should be cut when about 6 inches high, cutting about 
2 inches below the surface. The product will be green sprouts. If 
blanched sprouts are preferred, they should be cut as soon as the tips 
show above ground. This is doně with a speciál knife, but a machete 
would make a fair substitute. The blade should be inserted to a 
depth of 8 inches close to the sprout, which is then cut off with a 
sudden twist of the knife. This operation should always be per- 
formed with some care, so as not to injure the crown of the plant or 
any of the young shoots just forming. Cutting may be continued for 
6 to 10 weeks, after which the tops should be allowed to grow in order 
to make strong roots for next season. In favorable localities, like 
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some places in California, the beds are continued for twenty years or 
more without replanting, and yield from 5,000 to 8,000 pounds per 
acre annually. This is, however, in very rich muck land such as is 
not to be found in Porto Rico. 

MARKETING. 

After cutting, the sprouts should be washed and tied in bunches of 
li to 2 i p3iinds, according to the market requirements. The Boston 
market requires green sprouts in lj-pound bunches, and New York, 
blanched sprouts in 2J-pound bunches. The bunching is generaUy 
doně in a buncher, which can be obtained from implement dealere. 
The tips are placed even with each other and the butts are cut off 
square at a uniform length, 7 inches being most acceptable. The 
bunches are packed in bulk, in crates holding two tiers, or one-half 
crates, holding only one tier, by placing the bunches, butt end down. 
In shipping, the crates are placed right side up and sent in refrigerated 
compartments. 

VARIETIES AND DISEASE8. 

The most common varieties in the States are: Conover, Colossal, 
Palmetto, Columbian, and Mammoth. The Palmetto is probably the 
most vigorous and has also proved to be more růst resistant than any 
of the others, but it is coarser, especially when a couple of days too 
old. 

The most dreaded disease is asparagus růst (Puccinia asparagi), a 
fungus disease of the leaves and stalks, which can be kept in check 
with applications of Bordeaux mixture combined with resin com- 
pound or by the use of dry sulphur. 

BEANS. 

A few varieties of beans are grown successfully in Porto Rico, show- 
ing that they are adapted to the country, but the quantity grown is 
not nearly equal to the demand, and large importations are made 
from Europe and the United States. Beans are not very fastidious 
as to soil, although a well-drained loam is the most suitable. The 
amount and kind of fertilizer to be ušed will vary with the class of 
soil; most of the soils in Porto Rico would be benefíted by stable 
manure. If a commercial fertilizer is ušed, the nitrogen may be lesa 
than in the usual formulas, but although the beán is a legume, it 
should not be eliminated altogether, because a small amount of avail- 
able nitrogen enables the crop to start growth and forces the plant 
until the root nodules can be formed and a supply gathered from the 
air. 

VARIETIES. 

All the varieties may be roughly classed under bush and pole beans. 
The first named is usually divided into Green podded, Wax, Lima, 
and Broad or English, and the samé distinctions might as well be ušed 
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for the running varieties also. The varieties most commonly grown 
in Porto Rico are of the green-bush type, a Lima beán resembling the 
Small Sieva is also grown, but very sparingly. In the States the bush 
beans are planted most extensively for "snaps," but the varieties 
found for sále in the markets here are much inferior for snap beans. 
They are very good for dry beans, however, and as they are well accli- 
mated, they may be planted for that purpose. Experiments at this 
station showed the green-podded varieties to be more diseaso resis- 
tant than the wax, and the following varieties gave best results: 
Bountiful, Long Six Weeks, Round Six Weeks, and Giant Podded 
Valentine. Of the bush wax the following varieties gave the best 
results: Improved Black Wax, Burpee Saddleback, and Currie Růst 
Proof. In regard to the bush Lima beans, the most vigorous and 
robust varieties should be planted as they are more disease resistant 
and in Porto Rico the time of ripening is of no importance. The pole 
beans are usually vigorous and could be recommended for generál cul- 
ture if it were not for the expense of staking. They are very accep- 
table for home use whereonly a small amount is planted. The fol- 
lowing varieties gave indications of being well adapted to the con- 
ditions at the experiment station, viz: Feast Beán from Curacao, 
Southern Prolific, Golden Carmine Podded, Black Wax, and Small 
Sieva Lima. A native white beán was also very promising, but that 
will probably háve to be grown a few seasons in order to make it a 
staple variety. 

PLANTING AND CULTIVATION. 

Beans may be planted any time of the year, but as they are much 
more subject to diseases in seasons with an overabundance of rain 
it is desirable to plant so as to háve them mature when it is reasonably 
dry. On well-drained sandy soil fiat culture is preferable. On heavy 
moist clay soil the land should be ridged up in rows 3 feet apart and 
the beans planted at a distance of 4 to 6 inches in the row. The crop 
should be kept clean with a cultivator or hoe until blooming time, 
after which cultivation should be stopped, so as not to injure the 
planta. 

HARVESTING AND MARKETING. 

Snap or string beans is the name given to the pods when the beans 
are about half grown and before the pods become tough. The pods 
should break off with a snap and not bend or tear. In that con- 
dition the beans are highly prized and bring good returns in the 
northern markets any time between December and May. The pods 
should be picked while dry and left in the sun just long enough 
to lose their brittleness, after which they should be packed in crates. 
In packing, all the small, injured, or deformed pods should be dis- 
carded and the good pods straightened out and placed in the crates 
so as to make a neat appearance. Snap beans will stand shipment 



24 

to New York even on our slow steamers, but refrigerator compart- 
ments will be necessary. For dry beans the pods should be left until 
the beans are ripe; the vineš can then be cut and thrashed when 
thoroughly dry. The growing of dry beans for home consumption 
will no doubt pay, but probably not for export. 

DISEASES AND INSECTS. 

With the limited data at hand it would be too early to predict 
which of the common diseases will be troublesome here, oř if any 
new ones will appear. In the experiment plats a root disease, not 
determined, did some damage, but it is believed to do so in wet soil 
only. A fungus (Cercospora sp.) which appeared on the leaves can 
be controlled with Bordeaux mixture. This samé remedy may also 
be ušed for mildew (PhytopMhoraphaseoli), a fungus disease on Lima 
beans, which has been sent in to the station from various places on 
the island. Insect pests did very lit tle damage at the station this 
year, but the cotton-boll worm may be expected as a serious enemy 
in some sections. a 

BEETS. 

This vegetable is not commonly grown in Porto Rico. A few speci- 
mens may be found in the markets from time to time, but they are 
invariably small and of inferior quality. It was thoroughly demon- 
strated at this station that beets could be grown very successfully 
any time of the year, and the inferiority of those found in the markets 
must be ascribed largely to inferior seed, and probably also to improper 
treatment. Beets thrive best in a rather heavy moist soil and require 
a fertilizer containing an abundance of potash. If the soil is not well 
drained and lime can be had cheap, it will pay to apply a liberal 
amount of that; and in places where salt is cheap enough it will 
often pay to apply 200 to 300 pounds of that also. A well-drained 
salt-marsh land will grow beets to perfection without either fertilizer, 
lime, oř salt. 

VABIETIES. 

Most of the common varieties were tried at the station (Pí. II, 
fig. 2), and the following can be recommended for generál planting: 
Extra Early Electric, Extra Early Egyptian, Extra Early Eclipse, 
Edmand Blood, and Bassano. The sugar beets, Kleinwanzlebener 
and Vilmorin Improved, were also tried and gave fairly good results 
as to yield. As a table beet they were almost equal to the best, 
but when selling in the market people did not také readily to them 
on account of the white color. 



a Information in regard to this insect is given in U. S. Dcpt. Agr., Farmers' Bul. 212, 
which may be had on application to the Secretary of Agriculture. 
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FLANTING AND CULTIVATION. 

The seeds are sometimes slow to germinate, and for the home gar- 
den it is well to soak them a few hours in lukewarm water. In field 
culture, where a drill is to be ušed, this is not practical. Sow the seeds 
in rows 18 inches to 2 feet apart, and when the young plants are well 
established thin them out, leaving the individual plants 4 to 6 inches 
apart. In moist soil the cultivation consists in keeping the weeds 
down, which will often háve to be doně by hand. In lighter soil it 
is always cheaper to use a cultívator. 

HARVESTING AND MARKETING. 

For the home market the beets may be pulled any time after 
attaining a diameter of 1 J to 2 inches, tied in bunches without remov- 
ing the tops, and sold as "bunch beets." This would pay on a small 
scale near a large town, as beets are generally Ifced by both Porto 
Ricans and Americans. For long-distance shipment the roots should 
be well formed and of good size. The tops should be cut off , so as to 
leave about one-half inch of the leaf stems, and after drying in the sun 
about an hour the roots may be packed in ordinary vegetable crates. 
They should be able to stand shipment to New York without cold 
storage, but it should be remembered that beets are not a high- 
paying crop, and shipment should not be attempted unless the market 
quotations warrant it. 

BBTJSSELS SFROUTS. 

This vegetable is far superior to cabbage from the standpoint of 
quality. Experiments at this station indicate that It is difficult to 
grow successfully in Porto Rico, and should therefore be tried on a 
small scale only. For cultivation, marketing, and dealing with ene- 
mies, follow the samé directions as are given under t( Cabbage.- ' 

CABBAGE. 

This vegetable is grown to some extent on the island, but is nearly 
always inferior in size and quality. It seíls at ahigh price, however, 
because imported cabbage costs 8 to 10 cents per pound. The scarcity 
would to some extent indicate the difficulty of production, but that 
criterion can not always be relied upon in Porto Rico; as a matter of 
f act, enough cabbages can be grown on the island to supply the demand 
and can be sold at a profit at 3 cents per pound. 

In generál, the best soil for cabbage may be described as a rather 
moist, well-drained, rich loam, and this holds good for Porto Rico, 
but an excess of moisture and richness are likely to favor the spread 
of black rot. The locality has also some influence, for in some sec- 
tions the ravages of the cabbage worm, especially after the second 
crop, will be such as to make further culture impossible. The recom- 
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mendations should, therefore, be: A well-drained loam, capable of irri- 
gation, located in a mountain district where there are not many wild 
plants belonging to the cabbage family, and where tfae cabbage worm 
does not occur abundantly. 

For fertilizer, stable manure is very good, but to prevent black rot 
and club root it would be advisable to apply a commercial fertilizer 
containing about 3} per cent nitrogen, 6 per cent potash, and 5 per 
cent phosphoric acid. As to the best time for planting, the rainfall 
should be considered more than the temperature; always choose the 
drier season, unless situated in a dry locality, like Lajas or Yauco. 

VARIETIES. 

The earlier varieties, such as Early Jersey Wakefield and Early 
Winningstadt, mature in the North in 90 to 100 days from seed; at 
this station those varieties háve matured in 75 to 80 days, and for the 
later varieties the time is proportionally shorter. The above-named 
varieties are generally considered better adapted to this climate than 
the flat-head varieties, but experiments at this station did not support 
this opinion, and all good heading varieties, such as Early Spring, 
Early Summer, Surehead, AUhead, and Savoy, can be planted here, 
and probably the very large winter varieties of the Drumhead type 
also, but they can not always be relied upon as sure headers in this 
climate. 

PLANTING AND CULTIVATION. 

Seeds should be sown in seed beds and seed boxes and the plants 
pricked out when very young to a distance of 2 to 3 inches apart, ot 
else the surplus plants should be cut out, leaving the remaining ones 
2 to 3 inches apart in order to make them grow stocky. If the seed- 
bed soil is rich, the plants will be ready for transplanting in 3 to 4 
weeks. The smaller varieties may be planted in rows 2J feet apart, 
with 18 inches between the plants. Plants of larger varieties should 
be set at intervals of 2 to 2 J feet in rows 3 to 3 J feet apart. 

Choose a cloudy or rainy day for transplanting. Remove the plants 
from the seed bed with as much soil as possible, so as not to injure the 
roots. Pláce in a covered basket and sprinkle with water to prevent 
drying out. To plant in the field, make a hole with a dibble or round 
pointed stick. and insert the plant somewhat deeper than it was in the 
seed bed and press the soil firmly around the roots. In dry soil culti- 
vation should be frequent, in order to preserve the moisture ; in hea vier 
and moister land it should also be frequent, in order to aerate the soil. 

HARVESTING AND MARKETING. 

Under favorable conditions the cabbage makes a firmer but some- 
what smaller head when grown in the Tropics than when grown in a 
colder climate; and, as it grows f aster and matures in a shorter tixne 



i 



FlQ. 1 .— CAňflOTS SMOWING STUMP-R. 



Fig. 2.— Chaydte Vin 



27 

it is usually crisper and of superior flavor. For home use oř for home 
market, the heads can be cut any time. For shipping to a distant 
market they should be lef t until fully matured, gathered when dry, the 
stalk cut off even with the head and the outer leaves removed, after 
which they may be packed in barrels oř one-half barrel crates. 

DISEASES AND INSEGTS. 

The bacterial black rot (Pseudomonas campestris) is liable to be one 
of the worst diseases of cabbage here. Infection takés pláce through 
any abrasion in the leaves oř stem, such as may be caused by insects, 
and no remedy has so far been found. As means of prevention, it is 
advised to plant on well-drained soil and to keep the insects in check. 

Club root (PlasmodiopTiora brassicx), a disease which makes large 
club-shaped swellings on the roots, may also be troublesome here, 
although it did not appear in the station experiment plats. A large 
application of air-slaked lime is beneíicial, but it is far better to avoid 
planting in infected land. 

Downy mildew (Peronospora parasitica) and leaf blight (Macro- 
sporium lrra88Ícx), diseases which attack the leaves, may be kept in 
check by spraying with Bordeaux mixture containing about 5 gal- 
lons of the resin compound. 

Of insects, the cabbage worms, of which there are several species, 
will no doubt be the most difficult to control, because of their great 
numbers. They are easy to find, but when they appear in large num- 
bers eternal vigilance will be the price of good cabbage. The remedies 
are cultural methods and poisons, such as Paris green mixed with air- 
slaked lime or flour, or arsenate of lead mixed with resin soap. Con- 
tact remedies such as kerosene emulsion can also be ušed to good 
advantage. ° 

CABROTS. 

This vegetable can be grown to perfection in Porto Rico almost any 
time of the year. (PÍ. III, fig. 1.) It prefers a rich loam and grows 
very well on a heavy clay which is not too wet, but a light sandy soil 
is not well adapted to it. For fertilizer, stable manure will do when 
nothing else is available, but a commercial fertilizer, rich in potash 
and phosphoric acid, is much to be preferred for this crop. 

PLANTING AND CULTIVATION. 

The stump-rooted varieties, such as Oxheart, Early Scarlet Horn, 
and Haif Long Danvers, are preferable for table use, and they also suc- 
ceed better here than the long varieties. The seeds should be sown 
in drills about 18 inches apart, and after the plants are well up they 

o For further information, see U. S. Dept. Agr., Bureau of Entomology Circ. 60, which 
may be had on application to the Secretary of Agrículture. 
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should be thinned out to 2 to 3 inches in the row. Tbis as well as 
some of the weeding often has to be doně by hand; but when carrots 
are grown on a commercial scale much of the work can be doně with 
either a hand or horše cultivator. 

HARVESTINO AND MARKETING. 

Carrots are seldom grown extensively for a long-distance market, 
but they often bring good príces in the early spring and might be 
profitably grown here for shipment to the Northern States whenever 
the prices warrant it. Harvesting is usually doně by hand and is 
facilitated by loosening the soil on one side of the row close to the 
roots. The carrots should be washed and some of the leaves trimmed 
off , after which they are tied in bunches and left a little while to dry. 
The ordinary vegetable crate is suitable to ship in and refrígeration is 
not necessary. 

CAULIFLOWEB. 

While this vegetable gave negative results when grown at this 
station it may possibly succeed under more favorable conditions, 
though it is not probable that it will ever be grown extensively in 
Porto Rico. The soil requirements, planting, and cultivation are 
practically the samé as for cabbage. For diseases and insects, see 
"Cabbage" (p. 27). 



This vegetable is not commonly grown in Porto Rico, neither is it 
commonly ušed. The natives as well as many of the Europeans use it 
for soup flavoring only and the blanched product is almost unknown. 
Celery has been reported as growing very readily in the mountain 
districts near Aguas Buenas, and the experíments at this station 
showed that it can be grown to perfection here. Irrigation facilities 
and a thorough knowledge of the conditions of growth are the first and 
main requirements for successful celery culture. A very rich soil is 
strictly necessary, but if not naturally rich it can be made so by apply- 
ing a very liberal quantity of stable manure and potash. If the soil 
is a muck or heavy loam, a commercial fertilizer containing 5 pér cent 
nitrogen, 8 per cent potash, and 6 per cent phosphoríc acid applied at 
the rate of 1 ton per acre will give good results. The soil may be 
moist enough to make irrigation unnecessary, but such soils are liable 
to be sour and in bad physical condition. Again, the rainfall may be 
constant and plentiful enough to grow a crop of celery, but under such 
conditions it will be found very difficult to blanch it and keep it free 
from disease. 

SOWING THE SEED. 

Sow celery seeds in an ordinary seed bed or seed box covered with 
plant cloth, and, if the weather is very dry, cover the bed with some 
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fine chopped moss or even old sackíng in order to retaín the moisture. 
The seeds may be three weeks in germinating, and watering should be 
strictly attended to. After the plants are well up they should be 
thinned to about 2 inches apart and those removed may be trans- 
planted to another bed, and all will be ready for planting in the field 
in eight to ten weeks, at which time they should be 4 to 6 inches high. 

CULTURAL METHODS. 

There are several methods of celery growing, all with reference to 
the process of blanching. The trench culture where the plants are 
set in trenches 6 to 10 inches deep is not suited to Porto Rican condi- 
tions. Level culture and blanching with earth are not commendable 
here, but may be necessary on account of the price of lumber. Blanch- 
ing with boards or draintiles was tried at the station and gave good 
results. The close cidture and the so-called new culture were also 
tried but with less success. 

In trench culture the rows are laid off 3 to 4 feet apart and trenches 
are dug to a depth of 6 to 10 inches, in the bottom of which the plants 
are set 6 to 8 inches apart, according to variety. After they háve 
attained a size of 8 to 10 inches, the soil is gradually filled in around 
the plants until the trench is full, and as the plants grow larger the 
earth is banked up on both sides of the rows, leaving only the tops of 
the plants exposed to the light. 

The plants may also be set in rows 4 to 5 feet apart on the level 
instead of in trenches and banked up with earth, or at a distance of 
18 inches apart and blanched by placing a 12-inch board on each side 
of the row. • That, however, will not be high enough except for the 
smaller varieties. Draintiles 7 inches in diameter and 24 inches long 
are far the best in this climate as they do not rot and can be ušed over 
and over again. When either of the two last methods is ušed, an 
irrigation ditch should be dug in every third space between the rows. 

In the method called "new celery culture" the beds may be laid 
off 3 J feet wide with irrigation ditches 18 inches wide between the 
beds. The plants may then be set at a distance of 6 inches apart 
each way, making five rows to the bed with a margin of 9 inches on 
each side. In blanching, a wide board is placed on each side of the 
bed close to the outside rows and secured with stakes in the ground or 
crosspieces nailed from one to the other. This method can not be 
ušed successfully for any but the self-blanching varieties, the stalks 
of which are able to blanch with the amount of shade afforded by the 
leaves. In order to make this method a success the land must be very 
rich and an abundance of irrigation water must be available wbenever 
needed. It may sometimes be necessary to partly cover the beds 
with palm leaves or some similar materiál the last week before har- 
vesting in order to give the finál blanching. 
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CULTIVATION AND IKRIOATION. 



For growing celery the land must be in good tilth and free from 
weeds, especially when close planting is practiced, and weeding will 
háve to be doně more oř less by hand. Irrigation is the all-important 
feature. The land should be irrigated through furrows where the 
water should be left long enough to thoroughly moisten from each 
side to the middle of the bed, but not long enough to make the soil 
soggy. The number of times to irrigate will depend entirelý on the 
character of the soil and the amount of rainfall and should be judged 
by the grower in each čase. 

VAEIETIES. . 

It will require more experiments to determine which is the best 
variety as well as which is the best method of planting in Porto 
Rico. The self-blanching varieties can be recommended, and the 
Boston Markét, White Plume, and Giant Pascal should also be tried. 
As to the time of planting, nothing has yet been determined, except 
that the fall and winter plantings gave good results at this station. 

HARVESTING AND MARKETING. 

Celery does not ripen, properly speaking. It is ready for use 
whenever it is large enough and well blanched. It should not be 
left in the ground longer than necessary, because it becomes tough 
and pithy as its gets older, and in this climate especially when left 
long it throws out an abundance of auxiliary plantlets which do 
not reach a marketable size and can not be left adhering, as they 
spoil the appearance of an otherwise first-class plant. This ten- 
dency to multiply is much worse in some varieties than in others. 
When grown for home use, the main plants may be removed and some 
of the smaller ones left to form a second crop. The outer leaves of 
the main plant may also be removed, leaving the heart, which will 
again form a new plant; in fact, this process can probably be con- 
tinued for sometime, as the celery plant is perennial here. 

For marketing, the plants should be dug and the roots trimmed 
off close. The outer stalks should also be removed if broken or 
mutilated, after which the plants should be well washed and rinsed. 
Four to six dozen may be packed in a standard fiat 8 by 22 by 27 
inches in size. These should be shipped in refrigerator compart- 
ments. 

Celery is a very profitable crop, and will no doubt be found to be 
so in Porto Rico. Practical experience, however, is necessary to 
make a man a successful celery grower. 
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DISEASES. 



The common diseases, such as blight, leaf spot, and růst, may 
occur here, and, if so, all the afřected plants should be pulled up and 
burned, and the rest should be promptly treated with Bordeaux 
mixture. Land infested with root knot should not be planted. 

CHABD. 

This vegetable often appears under the name of Swiss chard, leaf 
beets, oř sea kale. In Porto Rico it is often sold under the name of 
spinách, for which it seems to be a fair substitute. It grows very 
readily here when planted on good beet soil and treated like beets. 
In gathering the outer leaves, stalks may be cut close to the ground, 
leaving the heart oř inner leaves, which will continue growing and 
form new plants. The leaf stalk oř midrib is the edible part, but 
the leaf blade can also be ušed and should be left intact when market- 
ing the product. After rinsing in cold water the stalks should be 
tied in bunches, in which it makes a very attractive appearance and 
usually sells well. 

CHAYOTE. 

The chayote (Sechium edule) a is cultivated inall partsof the island, 
but nowhere extensively enough to supply an export market. The 
chayote is usually grown in the shade of bananas, trees, oř shrubs, 
which are believed to act as a protection for the plants and also a 
cheap support for the vine. This method seems to be naturally 
adapted to growing chayotes for home use only; the popular belief 
that it is the only method or best method is incorrect. 

The soil should be a rich, well-drained loam capable of holding an 
abundance of moisture or capable of irrigation. If the soil is not 
naturally rich, the plants will respond favorably to stable manure. 

PLANTING. 

The seed which protrudes from the stem end of the fruit often 
germinates while the fruit is attached to the vine, or it will germinate 
in storage. The whole fruit should be planted, being placed on the 
side and partly covered with soil, a small amount of loose litter being 
placed on the top to conserve the moisture. The distance apart of 
the plants will depend entirely on the construction of the trellises. 
One of the best trellises for chayotes is made as follows: Set 8-foot 
posts 2 feet in the ground 10 feet apart in straight rows 10 feet apart. 
Then nail crosspieces (as strong as a board 1 by 6) to the top of the 
posts in line one way and stretch wires 2 feet apart at right angles 

a This climbing, cucurbitaceous tropical plant is a perennial which bears numerous greenish 
oř white pear-shaped fruits, weighing from J to 3 pounds each. These are ušed in much 
the samé way as the summer squash. (PÍ. III, fig. 2.) 

27584— No. 7—0(5 3 
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over the top of this support. One plant may then be planted at 
each post, which will serve as a support for the vineš until reaching 
the wires. No training is necessary, as the vineš will soon cover 
the trellis, and when bearing the fruits will be hanging down and 
can be picked from below. 

HARVE8TING AND MARKETING. 

There has lately been some interest manifested in the chayote as a 
winter vegetable for the northern market. It is very little known yet, 
but it was verv f avorabhy commented upon at some of the best hotels in 
New York and Philadelphia in some recent trial shipments from this 
station and it would no doubt be possible to create a profitable market. 
The fruit should be gathered before fully matured, because of the ten- 
dency to germinate. It is like the cucumber, edible at any stage of 
growth, and may be picked when large enough. The chayote is a 
good shipper and may be shipped in bulk in vegetable crates. If 
wrapped and well packed, cold storage will not be necessary. 

VARIETIES. 

There are several varieties and it is possible the northern market 
will prefer the white ones on account of the color; the green ones are 
as palatable, however. In fact, one green pear-shaped variety foiuid 
in Mayaguez is superior to any of the white varieties coming under the 
writeťs notice. Two varieties, one white and one green, were received 
from Mexico through the Bureau of Plant Industry of the U. S. 
Department of Agriculture. These were of large size, but objection- 
able on account of the very stiff spines. They were about equal in 
vigor and prolificness to the average varieties here and were subject to 
the samé diseases. 

DISEASES. 

The chayote plant is subject to a fungus disease (Cercospora sp.) 
which attacks the leaves. It sometimes appears shortly af ter planting 
and sometimes not before the vineš háve had a crop of fruit, but no 
matter when, it causes the death of the vineš in a comparatively short 
time. When dead the vineš should be cut off close to the ground, 
pulled away from the trellis and burned so as not to infect the new 
vineš which come up from the roots almost immediately. The samé 
disease, apparently, destroyed the vineš of chayotes which the writer 
tried to grow in Florida. There Bordeaux mixture was tried without 
effect. Nothing has been tried here vet, but it is certain that a remedv 
must be found before the chayote can be grown on a commercial scale. 
This fungus may possibly not cause as much damage in other párts of 
the island, but it was found by the writer at Bayamon, Ponce, and La 
Carmelita. 
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COLLABDS. 

This very delicious green is not grown extensively in Porto Rico, 
althóugh it is known here under the name of headless cabbage (Repollo 
sin Cabeza). There is no reason why it should not be grown in every 
home garden and even market gardens. It requires exactly the samé 
treatment as cabbage, but it can be grown where cabbage is unprofita- 
ble. It is attacked by cabbage worms, but it grows very vigorously 
and there will always be enough young leaves which can be picked 
before being attacked by this pěst; in fact, the leaves should always be 
picked while young, being careful not to injure the heart. The plant 
is a perennial, and when the lower leaves are kept picked it soon assumes 
the shape of a palm tree with its nak^d stem and cluster of leaves at 
the top. 

CRJESS. 

Both upland and water cress can be grown to perfection in Porto 
Rico. Of the upland cress, the curled oř pepper grass is preferable. 
It should be sown in drills 18 inches apart and kept free from weeds. 
If sown every two to three weeks it can be had fresh all the year. 

Water cress should be sown in moist soil near a spring oř any other 
suitable pláce where it is not liable to be washed out by heavy rains. 
If kept free from weeds until well established it will grow perennially 
without much care. 

CUCUMBEB-. 

This vegetable is sold in the market places all over the island. The 
ones found in the markets were always comparatively short, very 
thick, and f uliv ripe. Judging from the results obtained at the station, 
and especially from reports received from other parts of the island, it 
. would seem that Porto Rican conditions are especially adapted to the 
growing of cucumbers for the northern market. The most suitable 
soil is a sandy loam, althóugh a heavier loam will do very well. A 
light sand or a heavy clav should not be chosen unless no other is avail- 
able. Any soil, and especially the last two, may be greatly improved 
by an application of stable manure, which should be applied in the 
hill some time before planting. 

PREPARING THE FIELD. 

The soil, which should be in good physical condition and free from 
weeds, should be laid off in checks 6 by 6 feet, and the fertilizer should 
be applied in the checks. Stable manure is an excellent fertilizer for 
this crop, and should be ušed wherever procurable. A hole should be 
dug about 2 feet wide and 15 inches deep in each check. Two or 
three forkfuls of stable manure and a good handful of sulphateof potash 
should be well mixed with the soil taken out, and this should then be 
ušed to refill the hole. This will more than fill the hole, but the extra 
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materiál should be heaped on the top, leaving a small mound flattened 
on the top. If commercial fertilizer is ušed, a mixture containing 5 
per cent nitrogen, 8 per cent potash, and 7 per cent phosphoric acid 
may be ušed at the rate of about 1,500 pounds per acre. This should 
be applied in a space about 4 feet in diameter around each check and . 
worked into the soil by hoeing back and forth three oř four times, 
hoeing it toward the hill the last time, so as to leave a' smál 1 mound. 
After fértilizing, the field should be left two oř three weeks before 
planting. 

PLANTING AND CULTIVATION. 

When ready to plant, 6 to 12 seeds should be scattered on the top 
of each mound and covered wifh soil to a depth of 1 inch. Germina- 
tion takés pláce in a few days, and the plants grow very rapidly; if 
not, the application of a teaspoonful of nitráte of soda oř a little liquid 
manure will force them on. When well out with the second leaves, 
the plants should be thinňed out to not more than two oř three in a 
hill. 

Cultivation consists of stirring the soil and keeping the weeds down, 
which for the first few weeks can be doně by running a cultivator in 
all directions through the field ; but the vineš usually grow so rapidly 
that cultivation will háve to be discontinued at an early dáte. Pinch- 
ing the vineš for the saké of making them branch is not necessary in 
this climate, and pinching for the saké of keeping them down to a 
unif orm size is simply useless because of the vigorous growth. 

VARIETIES. 

Cucumbers are grown for salad and for pickles, and the varieties 
must be selected according to these requirements. (PÍ. IV, fig. 1.) 
For a salad cucumber the market requires a long, slim, light-colored 
fruit, but for pickles the cucumbers should preferably be short, green, 
and smooth. For salad the White Spině is a good all-round variety, 
and probably most of the varieties of ťhat type will be f ound to be well 
adapted for culture here. The Fordhook Fancy gave far the best 
result of any tried at this station. For trellising the Japanese Climb- 
ing and Telegraph will give good results, and that method is very 
profitable, although it is not very extensively practiced in outdoor 
culture. For pickling, the following varieties are well adapted: Long 
Green, Green Prolific, Green Cluster, and Nichol Medium Green. 

HARVESTING AND MARKETING. 

For salad a cucumber may be picked at any time, but it should 
preferably be left to grow as large as possible without getting too 
nearly ripe. A cucumber in which the seeds are mature is unsalable, 
and if fruits are left to ripen the vineš cease bearing in a short time. 
The vineš should be gone over every other day and all the marketable 
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fruits picked. In picking, the stem should be cut and not pulled, thus 
avoiding injury to the vineš. When packing, the fruits should be 
carefully culled, leaving out all the small, deformed, wormy, overripe, 
and bruised specimens. For shipping, the ordinary vegetable crate 
may be ušed, packin#»the fruit in even layers and nailing the cover on 
under pressure. Shipping in refrigerator compartments is not strictly 
necessary, but it will be good policy to do so in order to obtain fancy 
prices. 

For pickling, the vineš should be goneover everyday, the cucumbers 
being picked when very small. The growing of pickle cucumbers will 
not be profitable unless enough can be grown to supply a factory. 
The cucumbers may be pickled in a salt brine containing 7 to 10 
pounds of salt per bushel of fruit, and should be kept that way until 
wanted, when they may be soaked in fresh water and then pickled in 
vinegar. It is well to remember, however, that in this dimate the 
cucumbers become soft and uníit for use in a few months when kept 
in brine. 

DISEASES AND INSECTS. 

A disease called leaf glaze is likely to appear on young plants when 
checked in early growth. It is characterized by small curled-up 
leaves and deformed fruits, also by a glazed appearance of the under- 
side of the leaf. It can usually be prevented by keeping the plants 
in a growing condition. 

Downy mildew (Plasmopara cuhensis) is distinguished by a yellowing 
and finál dryingup of the older .leaves. It nevěr attacks a leaf which is 
not fully developed ; therefore when the plants are very vigorous they 
will of ten continue bearing for a long time, although the basal ends of 
the vineš may be entirely denuded. Spraying with Bordeaux mixture 
every ten days to two weeks will keep this disease in check, but twice 
the usual amount of water must be ušed, as cucumber leaves are very 

tender. 

Striped cucumber beetle (Diabrotica vittata) does much damage 
here by eating the young leaves, but it can be checked to some extent 
by spraying with arsenate of lead. Bordeaux mixture when ušed for 
mildew acts as a repellant, and air-slaked lime sprinkled with turpen- 
tine at the rate of 1 quart to the bushel gives some reliéf. When, 
however, this insect is present in large numbers the remedies specified 
above are of little avail.° 

Pickle worm (Diaphania nitidalis). The larva of this insect feeds 
on all cucurbi ts by eating into the fruit. It is very destructive, and can 
not be reached by poisons after it has penetrated the fruit. 

a Further inforraation is furnished in U. S. Dcpt. Agr., Bureau of Entomology Circ. 31, 
which will be sent on application to the Sccretary of Agriculture. 
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DAHDELION. 

This is commonly found in the markets and seems to be much 
appreciated, although it is always small, green, and bitter. It grows 
very readily, and a superior product can be grown with very little 
care. The wild forms should not be grown, as they are much inferior 
to the Vultivated varieties, like Improved Tliick I^eaf and French Gar- 
den. Seeds should be sown in rows 2 feet apart and the plants thinned 
to a distance of 1 foot. When green the leaves are more oř less bitter, 
and the quality can be greatly improved by blanching with boards oř 
palm leaves. 

EGGPLANT. 

The long, light-colored sorts cultivated here are small and of inferior 
quality, which may be partly attributed to the cultivation, or rather, 
lack of cultivation. (PÍ. IV, fig. 2.) The eggplant can be grown suc- 
cessfully here on all the different classes of soil, from light sand to 
heavy clay, but a light loam is preferable. For growing on a com- 
mercial scale it will be necessary to apply commercial fertilizers. Pro- 
fessor Rolfs, in Cví lopedia of American Horticulture, recommends an 
application of 500 to 3,000 pounds per acre of a fertilizer containing 4 
per cent nitrogen, 9 per cent potash, and 5 per cent phosphoric acid. 
For most Porto Rican soils 1,500 pounds per acre of this fertilizer 
would probably be sufficient. The land should be laid off in checks 
4 by 4 feet and the fertilizer applied in a space of 18 inches in diameter 
around each check. The fertilizer should be thoroughly worked into 
the soil, after which it should be left for about two weeks before 
planting. 

PLANTINO. 

Seeds may be sown in ordinary seed beds or seed boxes, but the 
method of sowing in bamboo sections gave such favorable results in 
experiments at this station that it can be strongly recommended for 
generál use wherever the bamboos can be had cheap, and especially 
where the weather conditions are unfavorable for transplanting or 
where the changa or cutworms are numerous. When sown in seed 
beds, the plants should be thinned out as soon as well out of the 
ground in order to make them stocky. 

TRANSPLANTING AND CULTIVATION. 

The plants may be set in the field any time when large enough and 
under favorable conditions. No precautions are necessary beyond 
those given under the generál subject of transplanting. 

The amount and kind of cultivation necessary will depend largely 
on the class of soil. Loose, friable, and rather dry soil should be culti- 
vated often and thoroughly in order to prese rve the moisture. A 
heavy clay soil may be moist enough, but it will be greatly benefited 
by cultivation which admits air to the deeper strata. 



Fig. 2.— Endive and Lettuce, Endive in Center. 
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HARVESTING AND MARKETING. 

The eggplant is edible when very young, but for marketing it should 
be left until fully developed. It should not be left to ripen, however, 
for when the seeds are ripe or nearly so the f ruit is worthless. The 
fruits, no matter what color, are always more oř less lustrous. This 
luster is lost and a more duli hue assumed when the fruit is ripening. 
This is the right stage for gathering for the home market, but for five 
or six days' transit the fruit should be cut before reaching that stage, 
and nothing but experience will telí the exact time. For marketing, 
the fruits should be wrapped in páper and may be packed in crates of 
the samé capacity as a 200-pound flour barrel. They stand shipment 
well and refrigeration will not be necessary. 

On account of the known resistance to disease of a number of wild 
species of Solanum, an experiment was undertaken in budding and 
grafting the cultivated eggplant on stocks of common wild species, 
especially upon those of Solanum mammosum and S. torvum, both of 
which are weeds in Porto Rico. (PÍ. V., fig. 1.) Most of the common 
methods of budding and grafting were tried with stock and scion of 
different ages. Budding was not found to be successful, for while it 
was not difficult to form a union if the budding was doně while the 
stock was young, in every čase it was found difficult to force the bud 
and make it grow. In grafting, the common cleft graft is ušed by the 
natives, and that was found to be not onlv the easiest but also the 
most successful. The graft should be inserted while the stock is 
young or before the stem becomes woody. The union is perfect and 
the graft grows rapidly. For use as stocks there seems to be little 
choice between the two species named, and it is possible that other 
solanaceous plants may be found adapted to this purpose. In all the 
experiments S. torvum was found to answer the purpose very well. 
It grows abundantly every where, and the seeds can be obtained at any 
time in the year. The seeds of this species are slow to germinate and 
should be treated like the seeds of the eggplant. In fields which are 
known to be infected with certain diseases like the bacterial disease 
and diseases due to soil fungi the method of grafting may be ušed to 
good advantage. 

DISEASES AND INSE0T8. 

A fungus disease {Sclerotium sp.), which attacks the plant immedi- 
ately below the ground, is likely to occur where stable manure, com- 
post, or any other coarse organic materiál is present in the soil. There 
is practically no cure for.it, but it may be prevented by spraying the 
soil around the plants with ammoniacal carbonate of copper. 

Bacterial blight (Bacillus solanacearum) , a very serious disease of 
eggplants and tomatoes in the Southern States, is also prevalent 
here. It causes the plants to wilt and die in a very short time. If a 



38 

crop of torna toes oř eggplants has previously been grown and has 
shown signs of the disease, it will not be safe to plant in that field again. 
If it occurs on a few plants only, there is a chance that it has been 
introduced from some other field and insects may be suspected of being 
the carrying agent. It will therefore be well to be on the lookout, to 
destroy all infected plants, and also to spray for the kinds of insects 
present. Fungicides háve so far been of no value. 

Anthracnose (Glaosporium melongenx) is a fungus disease appear- 
ing on the fruit as dark-colored spots with pink edges. It is espe- 
cially prevalent on the fruits which are touching the ground or much 
shaded by the overhanging leaves. Frequent applications of Bor- 
deaux mixture will keep the disease in check. 

The eggplant aphis, a sinali light gray, mealy looking insect, appears 
on the underside of the leaves. It multiplies very rapidly and might 
be checked by spraying as soon as possible with a combination of 
tobacco decoction and kerosene emulsion, using about 10 parts of the 
former to 1 part of the latter. 

EKDIVE. 

This green oř salad plant is grown on the island but is mostly of 
inferior quality. (PÍ. V, fig. 2.) It will grow on any common garden 
soil and should be treated like dandelion. Blanching may be doně by 
tying the outer leaves so as to cover the heart. This, however, is 
liable to induce rot when the weather is damp, and tiles oř boards ušed 
as in celery blanching, are much preferable. The White Curled is 
especially recommended for salad because it blanches most readily. 
Moss Curled and Savoy Leaved are also good. 

H0B8E-RADISH. 

As this has always been consideredstrictly a cold-weather plant, it 
would seem useless to try to grow it in Porto Rico, but, as it gave verv 
favorable results at this station, it can no doubt be produced for local 
consumption. It is practically unknown in Porto Rico, but most 
people acquire a taste for it, and foreigners, who are ušed to it in their 
native country, will find it very gratifying that they can grow it here. 
In the North it thrives in any soil from a light sand to a heavy clay, 
but prefers a medium heavy loam. Here it grows luxuriantly in heavy 
clay but may not clo so well in sand. It is planted from cuttings of the 
lateral roots, which should be from 4 to 6 inches long and planted at a 
distance of 12 to 15 inches in rows 24 to 30 inches apart. Root cut- 
tings can be obtained either in spring or fall from any seed firm, and 
these should be planted when received. The roots can be dug w r hen 
large enough for use or can be left in the ground until wanted. 
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This is one of the most delicious of all the greens and ought to be in 
every home garden. It grows readily under the samé treatment as 
cabbage, which may be referred to for cul ture and diseases and insects 
(pp. 26, 27). Scotch Curled, Dwarf German Curled, and Siberian are 
good varieties. 

KOHL-RABI. 

This vegetable is practically unknown in Porto Rico, but in Europe, 
and to a limited extent in the United States, it is very much relished. 
It has the flavor of cabbage and turnip combined and as it grows fairly 
well in Porto Rico, it will be found a valuable addition to the list of 
vegetables which are ušed like cabbage and turnips. (PÍ. TX, fig. 2.) 
For culture and diseases and insects, see "Cabbage" (pp. 26, 27). 

LEEK. 

This is not commonly grown in Porto Rico, but it is very much 
relished as a substitute for onions. It will grow in any soil which will 
grow onions, and it seems to be better adapted to Porto Rican con- 
ditions and able to stand more neglect than the best adapted varieties 
of onions. For methods of culture, see "Onion M (p. 43). When the 
plants are well giown thestalks should be blanched with boards, tiles, 
or earth. This is not a diíficult process as they blanch readily. Two 
varieties, London Flag and Musselberg, háve been grown successfully 
here. 

LETTXTCE. 

The lettuce commonly grown in Porto Rico is but a poor substitute 
for the reál article. It can be grown to perfection here (PÍ. \ v , fig. 2), 
but the f ollowing requirements must be fulfilled : 

(1) Plant seed of good varieties only, which w r ere well grown and 
can be depended upon to come true to name. wSuch can be obtained 
from any reliable seed firm, but home-grown seed is usually inferior, 
especially in the Tropics. 

(2) A seed bed must be available which eontains rich, mellow soil 
and which can be proterted from ants. 

(3) The soil in the lettuce íield must eontain an abundance of avail- 
able fertilizer, because the plants must grow and attain full size in the 
shortest possible time. 

These requirements apply to commercial lettuce growing only, 
because a fair grade for home use can be grown in any garden with no 
more than ordinarv care. 

The best soil for lettuce is a rich, well-drained clav loam. For fer- 
tilizer, a good application of well-rotted stable manure may be ušed to 
good advantage whenever procurable. lf that is ušed, it should be 
applied together with 150 pounds of muriate of potash and 250 pounds 
of acid phosphate to the acre. This should be worked into the soil and 
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left four to six weeks before planting, in order that the plant food may 
become available. 

SOWING THE SEED. 

Lettuce should be sown broadcast oř in drills 6 inches apart in seed 
beds oř seed boxes. Germination takés pláce in two to five days and 
the plant s which grow rapid ly will begin to crowd each other in less 
than two weeks, at which time tbey should be pricked out to a distance 
of 2 inches apart. When they fill that space the plants will be ready 
for the field. 

TRA NSPLANTING . 

The plants may often be renioved froni the seed bed with some soil 
adhering to the roots. If this can be accomplished they can be trans- 
planted without perceptibly checking the growth. In large fields it is 
usual for a boy to carry the moistened plants in a covered basket and 
drop one in every space in the row, and a man who follows close behind 
will set the plants with a dibble. A boy again follows him with a 
watering can and applies water to every plant. The plants should be 
set at a distance of 10 to 12 inches in rows 20 to 24 inches apart, and 
in three oř four days, when the roots are starting to grow, a small tea- 
spoonful of nitráte of soda should be applied to each plant. This will 
start them off well, and if theground is kept moist and well cultivated 
the lettuce will be ready for market in three oř four weeks. 

VARIETIES. 

Lettuce may be classed according to hábit of growth. Some varie- 
ties grow- in more or less loose bunches and others form distinct heads 
like cabbage; then again some varieties are somewhat intermediate 
between the two. 

Of the bunching varieties, the Early Curled Simpson, Black-Seeded 
Simpson, and Iceberg gave best results in the station trials. Giant 
Crystal Head was also prornising. Oak Leaf was of longer standing 
than any other variety and can be highly recommended for home 
use. 

Of heading varieties, Black-Seeded Tennisball, Large Summer Cab- 
bage, and Unrivaled seem most prornising. However, Large Boston 
Market, California (Yeam Butter, Ilanson, Salamander, Goiden Queen, 
and Deacon may be found as well adapted under other conditions. 

HARVESTING AND MARKETING. 

Lettuce can be ušed at almost any stage, but for marketing it 
should be fully developed. It is at its best at a certain period, 
which is different fór the different varieties and must be determined 
by the grower in every čase. That period is of but a few days' dura- 
tion, and, if the grower is in doubt, it is better to cut it too early 



— MuSKMELONS, SHOWING W 
m Markel: 3, H*ck«nsw.-lf : 4. R. 
S, Rtwkyford: 7, White Jtijmn. 



FlG. 2.— OnIOnS, Smowing Vírie 



41 

than too latě. Lettuce for shipment should be gathered in dry 
weather only ; the stem should be cut off close, and the heads packed 
in crates oř lettuce baske^. Packing should be doně carefully, so 
as not to crush the leaves and at the samé time firmly enough to 
prevent shaking. For shipping to the States, refrigerator compart- 
ments will be necessary. 

LUEBEN (Calathea allouya). 

This vegetable, although cultivated in Porto Rico for a long time, 
is not extensively known. (PÍ. VI, fig. 1.) The plant at a cursory 
glance resembles a canna. The edible tubers, which are formed in 
great profusion, can be eaten boiled líke potatoes; but, unlike pota- 
toes, they do not become soft, but appear hard and crisp after pro- 
longed boiling. Lleren somewhat resembles boiled sweet corn in 
taste, and most people pronounce it delicious without needing to 
acquire a taste for it. 

The best soil for lleren is a rich, moist, well-drained loam, which 
is usually benefited by an application of wood ashes or sulphate of 
potash; an excess of nitrogen causes the production of large tops 
and few tubers. The stools oř roots immediately adhering to stalks 
are the parts ušed for propagating; the tubers will not germinate. 

Lleren should be planted at intervals of 2 feet in rows 4 feet apart, 
and cultivated like any other vegetable. It requires ten to fifteen 
months to mature tubers, which are J to 1 inch in diameter, and 
may be harvested at any time when large enough, but can be left 
in the ground for a long time without spoiling. It is a good shipper 
and if introduced into the northern market it would soon create 
a demand. 

MtTSXMELON. 

This is grown to some extent in Porto Rico, especially a large 
variety resembling Large Yellow Oantaloupe, which is of very good 
qualitv and seems to be well adapted to the conditions. (PÍ. VII, 

% i .) 

The muskmelon thrives well on any soi! from sandy loam to heavy 
clay, but a lighter clay loam which is well drained will no doubt be 
found to give best results here. The cultural requirements are the 
samé as for cucumbers. For diseases and insects, consult "Cucum- 
ber" (p. 35). 

VARIETIES. 

Of the shipping varieties, Rockyford and Hackensack gave best 
results in the station experiments. Both are good standard varieties 
in the States and may become so here as well. Of other varieties, 
Bay View, White Japan, Paul Rose, Champion Market, and Nutmeg 
were promising; and, for home use or local demand, the large Yellow 
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Cantáloupe and the native-grown strain of the samé can be highly 
recommended. 

HARVESTINQ AND MARKETING. 

The muskmelon is a good shipper, and ought to beeome a verv 
profitable crop for the northern winter market. For shipping, the 
fruit should be gathered before fully ripe and when thoroughly drv ; 
it should be packed in ventilated crates and preferably shipped 
in refrigerator compartments. 

MT7STABD. 

This is not grown as extensively here as it ought to be. It grows 
readily in any garden soil and requires but little care. Some varieties 
are grown for the leaves, which are ušed for greens, and other varieties 
are grown for the seed, which when ground forms the well-known 
condiment. For greens the Southern Curled and Chinese Broad 
Leaved are suitable varieties. Seed should be sown in drills 2 feet 
apart, and the plants should be thinned out to 10 inches in the row. 
For seed mustard the black is commonly ušed. Seeds may be sown 
in drills 2 feet apart and thinned out to 1 foot in the row, or broad- 
cast, at the rate of 8 quarts per acre. In harvesting the seed, the 
plants may be cut with a scythe and left to dry, after w r hich it may 
be thrashed out with a flail and cleaned with hand sieves. 



Some good varieties of okra are grown here, but the product usually 
sold in the market is of inferior quality on account of improper cul- 
ture. The plants grow very readily, and consequently do not receive 
much care, but cultivation and fertilization are strictly necessary 
in order to produce first-class pods. (PÍ. VI, fig. 2.) 

PLANTING. 

Okra thrives well on most w r ell-drained soils, which, if not rich, 
should be fertilized with stable manure or a complete commercial 
fertilizer. The seeds should be sown by dropping a few in hills at 
a distance of 2 feet in rows 4 feet apart. When well established, 
the plants should be thinned out, leaving only one in a pláce. Cul- 
tivation may be doně with any suitable horše implement and should 
be thorough enough to keep the plants in good growing condition. 

VARIETIES. 

There are tall and dwarf varieties of okra, the latter being earlier 
than the former. This is of minor importance here, where it may 
be planted any time of the year, and will continue as a perennial 
as long as cultivated. The white-podded varieties are preferred by 
oertain markets, but regardless of varieties none but pure strains 
should be planted. 
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HARVESTINO AND MARKETING. 

The okra pod is at its best whenwell developedand before it becomes 
tough. It is just right when the tip can be snapped oíf with the 
fingers, but t*>o old whon it bends oř tears. When at the right stage, 
the pod stem should be cut at one-half inch to 1 inch long and the 
pods packed in ordinary vegetable crates. In shipment refrigerator 
compartments will not be necessary for four or five days* transit. 
There is often a good demand for okra in the northem winter market, 
and Porto Rico' is fully able to supply all the northem cities of the 
United States and Canada. 

ONION. 

Most of the onions consumed in Porto Rico are imported. Just 
why this is so the writer has been unable to ascertain. (Pl.VII, fig. 2.) 
Onions háve been grown even on a commercial scale in several places 
in Porto Rico, and fair success has been reported; but the culture 
seems to háve been of one year's duration only. Onions will grow on 
nearly all kinds of well-drained soil, but for extensive culture a rich 
loam should be selected if procurable. A light sandy loam is also 
suitable, provided it is able to retain an abundance of moisture. The 
land should be mellow and free from lumps and trash. It should also 
be perfectly clean from weeds and weed seeds, a condition which is 
best secured by planting a crop of legumes, like cowpeas, and then 
keepingthe ground clear of weeds until the crop fully co verš theground. 
If the legumes are plowed down four to six weeks before planting and 
the ground is thoroughly prepared with a disk harrow, drag harrow, 
and smoothing board, the field should be in good condition for onion 
planting. If the soil is well fertilized and no diseases occur which are 
able to continue from one year to another, the samé field may be 
planted to onions for many years in succession and yield as well the 
last year as the first or even better. Of course, in the drier sections of 
Porto Rico, where irrigation is available, it would be possible to grow 
two crops a year. This would be exceptional, however, and where 
one crop a year only is grown the land should be planted to legumes 
immediately after harvesting the onions. 

For fertilizer, a good application of stable manure is excellent and 
if legumes are planted the manure should be applied before that crop. 
After plowing the legumes down a commercial fertilizer containing 4 
per cent nitrogen, 10 per cent potash, and 8 per cent phosphoric acid 
should be applied at the rate of 1 ,000 pounds per acre. If no stable 
manure is available and no legumes are plowed under, the fertilizer 
should contain proportionally more nitrogen and should be applied at 
the rate of 2,000 to 3,000 pounds per acre. Besides that 300 to 400 
pounds of nitráte of soda should be kept on hand for application 
throughóut the growing season. This may seem excessive, but as a 
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matter of fact the figures háve been made as low as would be safe for 
the growing of a profitable crop, and it will often be advantageous to 
apply a great deal more, because the expense of preparing the land, 
growing and transplanting the seedlings, and afterwards keeping the 
íield cultivated and clean is a large item in onion growing. It will 
readily be seen that if a soil will produce 1 ton of onions per acre with 
an application of 1,000 to 1,500 pounds commercial fertilizer, it 
would pay to apply 2,500 to 3,000 pounds inorder to double the yield. 
A conservative estimate of yield on soil physically suited for onion 
growing would be 10 tons per acre on medium rich soil and 15 tons 
on soil well fertilized. 

SOWING THE SEED. 

Onion seeds lose vitality in a short time and fresh seeds should 
always be obtained. The crop of Bermuda seed comes into the market 
in the fall, not usually before November. If kept over until next fall 
it can not be depended upon to germinate, and it will usually not pay 
to plant it. The seeds may be sown in the field oř in a seed bed. The 
method to be adopted will depend on local conditions. Wherever the 
moisture can be regulated — that is, where the rains are not so heavy 
as to interiére with the germinating seeds and where the moisture is 
sufficient or irrigation available — it will often be cheapest to sow 
directly in the field, but otherwise transplanting will be the better 
method. If a seed bed is ušed, it should be prepared by thoroughly 
working and fertilizing at least four weeks before planting. Seeds 
may be sown in rows 3 inches apart and the seed bed should be kept 
constantly moist. The seedlings will be of the size of a thin lead 
pencil in about six weeks, at which time they will be ready for trans- 
planting. 

TRANSPLANTING AND CULTIVATION. 

The plants may be set in the field at a distance of 5 inches in rows 
12 to 15 inches apart. The rows should of course be straight for the 
saké of cultivation, which can best be doně by hand cultivators. 
After the plants háve started to grow a sinali amount of nitráte of 
soda, about 100 to 150 pounds per acre, should be applied broadcast, 
and this may be profitábly repeated twice with an interval of four to 
six weeks. 

If the seeds are sown directly in the field the rows may be laid off 
at the samé distance as by the other method and the seeds drilled in. 
Aftor the plants are well established they should be thinned but to a 
distance of not less than 5 inches apart and cultivation should be the 
samé as with the former method. 

Onions may also be grown from sets, which are diminutive bulbs 
that háve been grown from seed, but arrested in growth by close 
crowding in the field. Sets are sold by measure. It requires 6 to 10 
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busheis for planting au acre. Directions for planting, cultivation, 
and other treatment are the samé as with onions grown from seed. 

VARIETIES. 

In buying onion seed it is very important to obtain fresh seed of a 
pure strain true to name. The Bermudas, both white and red, can be 
recommended for commercial planting. For home use and market 
garden the White Barletta, White Queen, White Victoria, Tripoli, 
and White Garganus may be planted; and, of the red varieties, Giant 
Rocca, Red Garganus, and Bassano. 

Some of these Italian varieties may prove to be as satisfactory as 
the Bermudas, though extensive planting can not be recommended 
as yet. 

HARVESTING AND MARKETING. 

In this climate the onion tops do not die down uniformly, but when- 
ever a small percentage shows signs of wilting the whole crop may be 
hastened to maturity by bending the tops over with some kind of 
roller. The bulbs should not be left in the ground too long, especially 
in rainy weather, as they are liable to start a second growth. 

Onions are usually harvested by pulling the bulbs and throwing 
them in windrows where they are left for a few hours to dry, after 
which they are taken to a curing shed and spread out in thin layers. 
to dry. When they are dry, the tops can be twist ed oíf and the bulbs 
packed in bushel crates for shipment. If kept for the local trade, they 
should be stored in a dry airy pláce, and examined frequently, because 
one decayed bulb will cause the surrounding bulbs to decay also. 

DISEASES AND INSECTS. 

Smut (Vrocystis cepulx)j a disease appearing as black powdery 
spots on the leaves, is often carried by the seed and may be prevented 
by soaking the seed in a mixture of 1 ounce of formalin and 2 gallons 
water. 

Downy mildew (Peronospora schleideniana) appears as a gray 
felted coating on the onion tops at the time the bulbs are formed, 
and may be checked by spraying with Bordeaux mixture, but as that 
does not adhere well.to the leaves about 3 gallons of resin compound 
should be added. 

Rotting appears on the bulbs both before and after harvesting, 
and may be caused either by fungi or bacteria. Thorough drainage 
and an applictition of air-slaked lime will act as a preventivě. To 
prevent rotting in storage the onions should be thoroughly dried and 
kept in a dry pláce. 

Thrips. — A small yellow thrips attacks the leaves and does most 
"damage to the young seedlings. It may be treated with kerosene 
emulsion and if checked in time it will not usually do much damage. 
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A plain-leaved variety of tliis is commonly grown in Porto Rico, 
but the curled varieties also succeed well. The demand for parsley 
is very limited, and it should of course not be planted extensively, 
but a few plants ought to be in every garden. It grows well in any 
rich garden soil and the seeds may be sown any time in rows 1 foot 
apart, and the plants thinned out to 4 to 6 inches in the row. The 
leaves may be ušed both for garnishing and for flavoring and the 
roots are also edible, especially of the large-rooted varieties. 



This vegetable is not often grown in Porto Rico, and it is not prob- 
able that it will ever be grown extensively. It can be produced, 
however, and is a welcome addition to the list of vegetables in the 
family vegetable garden. It requires practically the samé soil con- 
ditions as turnips and carrots, and may be planted and treated like 
carrots, but it requires a much longer growing season. The varieties 
Early Short Round and IIollow Crown are the best adapted to Porto 
Rican conditions. 

PEAS. 

The common garden pea (petit pois, in French, or petipuá, as it is 
called here) is not commonly grown in Porto Rico. The pigeon pea 
or gandula (Cajanuč cajan) is ušed as a substitute, but as that grows 
almost wild it will be unnecessary to give cuitural directions. 

SOIL AND FERTILIZER. 

Peas will grow on soil ranging from light sand to heavy clay, but a 
good, well-drained loam is preferable. The light sand is usually dry 
and requires a great deal of fertilizer to give good results; the 
heavy clay is not satisfactory where the rainfall is heavy. In most 
cases a small application of stable manure will give much better 
results than would be warranted by the actual fertilizer content, and 
it will pay to apply it wherever procurable. It should not be for- 
gotten, however, that the pea is a legume and will be able to gather 
most of the nitrogen from the air wherever the ljíI conditions are 
right for the formation of the root nodules, which ".ontain the nitro- 
gen-gathering bacteria, and a commercial fertilizer containing a high 
percentage of potash and phosphoric acid should be ušed. 

PLANTING AND CULTIVATION. 

Peas should be planted 1 inch apart in rows, two of which should be 
about 8 inches apart. These will grow up and support each other 
better than w r hen planted in a single row. The next two rows should 
be planted at a distance of 4 feet from the first two, leaving room to 
cultivate and gather the crop. The amount of cultivation necessary 
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will depend on the class of soil. A light sandy soil should háve shal- 
low cultivation, but the surface should be stirred often enough to pre- 
serve the moisture. A heavy clay should be cultivated deeper 
and often enough to keep the soil loose and aerate the roots. 

In the home garden and even in the market garden where one-half 
acre is planted to peas, it will pay well to use some kind of support 
for the vineš, and nothing better and cheaper can be found than brush 
wherever it is procurable. Otherwise stakes driven into the ground 
on both sides of the double row and cheap twine stretched on both 
sides will give good support. Supports are not usually ušed when 
growing peas on a large scale, although it would often pay % well for 
the large long-keeping varieties. 

VARIETIES. 

Of the early varieties Gradus and Duke of York are good. 

Of the medium early varieties McLean Advancer and Horsford 
Marketgarden will be found among the best, and of the later varieties 
Champion of England, Telephone, and Marrowfat can be recom- 
mended. The sugar peas, of which both the pods and the peas are 
eatable, are valued highly in Europe, but are not well known in the 
United States. They are of superior quality and ought to be planted 
in every home garden. 

HARVESTING AND MARKETING. 

Green peas are grown extensively in the trucking districts in the 
southern United States for supplying the northern winter market. It 
is a vegetable that will stand shipment, but is far superior in quality if 
consumed immediately after gathering. The pods should be picked 
as soon as the peas are well developed, but not left long enough to 
approach ripening. When at the right stage the pods will be plump 
and of a bright shiny green color, this will turn to a duli green and later 
to a yellowish color, when the peas will be unfit for consumption. 
Not all the pods are ready for picking at the samé time ; in f act the first 
picking yields but a small percentage of the whole crop, but picking 
must be repeateď every few days, or as often as enough pods are in 
marketable condition. The pods should be picked only when dry and 
should be left an hour oř two to wilt before packing. Bushel baskets 
or crates are ušed for shipping and the pods are pressed down just 
enough to prevent shaking. Peas will stand shipment to New York, 
but more frequent steamers will be necessary, and refrigeration will be 
advisable. 



Several good varieties of this vegetable may be found in the markets 
at almost any time of the year, which shows that it grows readily here ; 
this view was fully confirmed by experiments at this station (PÍ. VIII, 
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fig. 1). A soil which is physically and chemically suited for the grow- 
ing of tomatoes and eggplants will also produce a good crop of peppers. 
While young the pepper plant requires about the samé care as the egg- 
plant, but after it becomes of bearing age it will stand considerable 
more neglect. Whenever the soil conditions are right, the plants will 
grow as perennials and continue to bear several crops, but they should 
nevěr be planted in low, undrained soil because there they are liable 
to die without bearing. 

The work of sowing the seed, transplanting, and cultivating is prac- 
tically the samé as for eggplant. Peppers are usually planted closer 
together; but here, where the field can be left to produce several crops, 
the plants should not be set closer than 4 by 4 feet. 

VARIETIES. 

Peppers are divided into two classes — the sweet varieties, which are 
eaten as vegetables, and the pickling varieties, which are ušed for 
pickles or dried and powdered, in which form they are much ušed in 
Mexico. Of the sweet peppers the varieties Sweet Mountain, Ruby 
King, antl Large Bell are good standard varieties; and of the pickling 
peppers, the Cayennes and Chilies are largely ušed. The pickling 
varieties are all more or less pungent and should nevěr be prepared with 
bare hands, because thelmrning sensation is very difficult to eliminate. 

HARVESTINO AXD MARKETING. 

The sweet peppers ónly are grown extensively for long distance 
market. There is usually a good demand for this vegetable, and owing 
to the fact that it will not stand much cold the competition froni 
Florida is not very great. Considering that it grows so readily here 
and is a good shipper, it ought to be a remunerative crop for the north- 
ern winter market. 

The fruits should be picked when well developed but while still 
green, and packed in common vegetable crates, firm enough to prevent 
shaking. In shipping, refrigeration is not necessary if the ventilation 
is good. 



For cultivation of pumpkin, see "Squash" (p. 50). The best varie- 
ties for culinary purposes are the Early Sugar and Large Cheese. 

R.ADISH. 

Any good garden soil will grow radishes (PÍ. VIII, lig. 2), but in order 
to be of good quality a radish should be ready for the table in eighteen 
to twenty-six days after the seed is planted. This can be accomplished 
in rich soil only, and where radishes are grown for market a fertilizer 
containing 3 per cent nitrogen, 9 per cent potash, and 7 per cent avail- 
able phosphoric acid should be applied at the rate of one-half ton per 
acre. 
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SEEDING AND CULTIVATION. 



Radish seeds may be sown by hand oř with a seed drill in rows 15 
inches apart, and if care is ušed not to drop more than twelve seeds to 
the foot no thinning will be necessary. A quick growth is very neces- 
sary in radish culture. In cultivating it will readily be understood 
that the soil must be kept clean from weeds and cultivated often 
enough to preserve the moisture. 

VARIETIES. 

Qf the round varieties Scarlet White-Tipped and Scarlet Globe are 
suitable for generál culture; of the olive-shaped varieties French 
Breakfast and Red Rocket can be recommended ; and of the long 
varieties Scarlet Short Top and Brightest Scarlet White-Tipped. 

HARVESTING AND MARKETING. 

Radishes are edible as soon as large enough. While the root is 
young it is crisp with an agreeable pungent taste, but when left in the 
ground a few days too long it becomes pithy and bitter. For market- 
ing the radishes are pul led and washed, after which they are bunched 
6 to 12 in a bunch by tying around the top with twine. It is of impor- 
tance that the bunches should be kept moist and cool from the time of 
leaving the field until reaching the consumeťs table, because a wilted 
radish does not seli well. 



The writer has no information concerning rhubarb culture in the 
Tropics. It is probable that it can be grown here; at any rate it is 
worth a trial. It is questionable, however, if it could be made a profit- 
able industry for supplying the northern winter market because the 
plants can now be forced readily and a crop produced when wanted. 

SALSIFY. 

This vegetable, which resembles a long carrot oř parsnip, is seldom 
grown in the South, and it would probably be difficult to produce a 
crop equal in quality to the northern-grown product. It can be grown 
for home use, however, and it furnishes a very fair substitute for 
oysters; in fact, the roots produced at this station were far superior 
to the Porto Rican oysters. 

The soil requirements are the samé as for the common root crops, 
only it should be made as rich as convenient. The seeds should be 
sown in rows 2 feet apart and the plants should be thinned out to a 
distance of 3 inches in the row. Cultivation should be thqrough and 
continuous, because the crop requires longer time to mature than 
other root crops. 
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This pot herb should be grown quickly to be of value. It may be 
sown in soed beds and transplanted or sown directly in the lield, but 
either method has its disadvantages. If it is transplanted, it will be 
checked in growth and be bitter before fully developed unless the soil 
is very rich in available nitrogen and of uniform moisture. If sown 
in the field the seeds germinate poorly unless the conditions are 
favorable. 

The soil for spinách should be a rich moist loam. The plants should 
be set 1 foot apart in rows 2 feet apart, and after starting growth a 
sprinkling of nitráte of soda should be applied and worked into the 
soil. This may be repeated to good advantage in two oř three weeks, 
as quick growth is of the greatest importance. When full grown, 
the heads should be harvested and marketed like lettuce. 

SQUASH. 

Varieties of squash may be classed as bush and running varieties. 
The bush varieties are seldom grown in Porto Rico, although they are 
well adapted to the purpose and of much better quality when cooked 
than the large winter varieties. The latter, together with pumpkins, 
are here known as calabash. Many diíferent forms which would be 
difficult to classify imder known varieties are grown here and may be 
found in the markets nearly any time of the year. (PÍ. IX, fig. 1.) 
The soil for squash should be like that for melons and cucumbers — 
well prepared and fertilized in the hill. The bush varieties can be 
planted 4 by 4 feet, but the running varieties will require a space of 
8 by 8 feet. 

VARIETIE8. 

The White Scalloped and Yellow Crookneck are the most desirable 
bush varieties. Of the running varieties Delicata makes a very good 
substitute for apple sauce, as it has both the scent and flavor of the 
apple. It is small but early and quite prolific. Of the large varieties 
the Hubbard can be strongly recommended, and both the English 
and Italian vegetable marrows are worth cultivating. 

HARVESTING AXD MARKETING. 

The bush varieties should always be picked before the shell becomes 
hard. They may be marketed in barrels or preferably barrel crates. 
They should not be shipped to the United States unless the price 
warrants it. 

The running varieties, especially the large winter sorts, such as 
Hubbard and Boston Marrow, should not be grown for sliipping to the 
States, because there they can be produced cheaply and kept in storage 
all winter. 
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DISEASES AND INSECTS. 



The downy mildew and striped cucumber beetle are the worst 
enemies of squash in Porto Rico. For description and remedies, see 
"Cucumber" (p. 35). The squash vine borer ( Melittia satyriniformis) 
is an insect, the moth of which lays its eggs on the vineš. The Cater- 
pillar bores its way into the stem where its presence can be detected 
by minuté pellets surrounding the entrance and on the ground 
beneath and by other signa. ° 

TOMATO. 

The tomato when it was brought into cultivation three hundred 
years ago was probably not much inřerior to the one commonly grown 
in Porto Rico at the preáent dáte. The fruit is flat, deeply creased, of 
a light color, and more or less acrid to the taste. This acrid principle 
is especially perceptible in the smaller deeply creased fruit. If the 
plants are well cultivated and f ertilized for some generations the fruits 
become gradually rounder, smoother, and of a better flavor. This 
unimproved tomato is hardier and more disease resistant than the 
improved varieties. It is subject to the prevailing tomato diseases, 
however, and there seems to be no good reason why the improved 
varieties should not be cultivated instead. 

SOIL. 

The tomato will grow in any soil found in Porto Rico, provided it is 
well drained and able to retain moisture. The plants do not need a 
great amount of moisture, but if the soil becomes dry enough to check 
the growth or if the air is very dry and heavy winds sweep the field 
the results are liable to be disastrous. This is not because of the 
physical setback, which could readily be overcome, but because, when 
a plant is checked in growth and its vitality lowered, diseases very 
often gain entrance as they would not if the plant remained vigorous. 
Torna toes should not be planted on land which is not well drained, 
because a water-soaked soil is detrimental to this crop. In Florida, 
where the tomato is the chief trucking crop, the grower selects new 
land whenever such is available. This is cleared of all roots and stumps 
and plowed, after which the rows are laid oíf 4 feot apart. A furrow 
is then opened in the row in which the fertilizer is applied. This is 
usually (1) a small amount of stable"manure, which is beneficial, not 
so much on account of the actual fertilizer it contains as through the 
physical and bacteriological influences it exerts; and (2) complete com- 
mercial fertilizer at the rate of 500 to 1,000 pounds per acre. These 
fertilizers are thoroughly mixed with the soil by passing a cultivator 

oMethods of eontrolling this pěst are given in U. S. Dept. Agr.,Bureau of Entomology 
Circ. 38. Copies will be furnished to applicants. 
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up and down the row several times. In Porto Rico it would be diffi- 
cult to obtain uncleared land, but any cultivated land is suitable, pro- 
vided it has not been planted with torna toes long enough to be 
infected with the common tomato diseases. New land is preferred in 
Florida, because the blight is not present in it, and one oř two crops 
are reasonably sure. This may be of some importance in Porto Rico 
also, but there are certain problems connected with that which háve 
not been thoroughly worked out yet. 

VARIETIES. 

There are many varieties of tomatoes quoted in seed catalogues, 
most of which are fairly good. They may be classed according to 
the form of the plant as dwarf and ninning; also according to the 
size of the fruit or its color. The dwarf varieties are represented 
by Dwarf Champion, Dwarf Stone, Turner Hybrid, Dwarf Aristo- 
crat, and others. These varieties are of an upright growth and do 
not attain a very large size. They can be planted 2 feet apart in 
the row and trained to a single stake. The running varieties include 
both the large-fruited and small-fruited types, the last of which 
are represented by those which bear fruits shaped like the cheřry, 
currant, peach, plum, and pear, all of which are duplicated in red 
and yellow varieties. All of these* types are very vigorous, prolific, 
and not especially subject to diseases. The fruit is of good quality 
for preserving, but too small for slicing, with the exception of Red 
Peach, which is very delicious and of rich red color. The large- 
fruited types are represented by an endless number of named varieties, 
ranging in color from light purple to dark red, and including some 
golden yellow; also ranging in forms from flat more or less creased 
to round, smooth, and even oblong. For canning purposes a large 
fruit like the Ponderosa is especially desirable, but for slicing a fruit 
weighing 4 to 6 ounces, round, smooth, solid, and of a dark-red color, 
is much preferable. From the grower's standpoint it is very impor- 
tant that the plant should be vigorous, prolific, and well adapted to the 
locality, besides producing fruit with the above qualities. Among 
the varieties embodying most of these points Burpee Quarter Centurv 
is one of the best. Atlantic Prize, Beauty, Early Ruby, Matchless, 
Perfection, and Stone are good standard varieties. Some of the 
English forcing varieties, like Carter Duke of York, Dobbin Cham- 
pion, Házeli Wonderful, Sutton A 1, and Sutton Best of All, gave 
excellent results when grown at this station. Chalk Early Jewel 
and Spark Earliana háve been much lauded in Florida of latě years, 
but in the experiments at this station they were not vigorous enough 
to be of much value. 
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PLANTING. 



Wherever the tomato is extensively cultivated the seeds are sown 
in a seed bed and transplanted. The seed bed should be well ferti- 
lized and prepared some time before planting. The seeds should 
be sown broadcast at the rate of one to the square inch and the bed 
covered with plant cloth. This should be gradually removed, so 
as to admit light and prevent the plants from becoming spindling. 
The seedlings should also be thinned where they are too crowded, 
because a short, stocky plant with a good root systém is much the 
best for transplanting. 

TRANSPLANTING. 

The plants are set in the field at a distance of 4 feet apart. If 
short and stocky, they may be planted with a dibble; but, if some- 
what spindling, it is better to remove a portion of the soil with one 
stroke of a hoe, lay the plant in the hole horizontally, and cover with 
soil, leaving the top only exposed. When starting to grow, new 
roots will form along the covered stem, making a large root systém 
for the plant. With this systém of planting the weather conditions 
are immaterial if the soil is moist, because there is not enough of 
the plant left exposed to cause it to wilt. 

The tomato may also be sown directly in the field by dropping a 
few seeds about a foot apart in the rows previously laid off and 
prepared. If the soil is moist enough for the seeds to germinate 
and no heavv rains fall within two or three weeks, this method is 
successful, and it has certain advantages over the others. In the 
íirst pláce, where cutworms and changas are present, those pests 
will cause great damage where the plants are set 4 feet apart, but 
when there is an abundance of plants it is generally possible to savé 
some. These plants should not be thinned out before they are 12 
to 18 inches high, at which time they will be well hardened and will 
not be subject to the attacks of those insects. Another advantage 
is that the plants need not be disturbed by transplanting, and if well 
cultivated and fertilized they will often survive where the trans- 
planted ones would fail. 

CULTIVATION. 

The tomato field should be cultivated often enough to keep the 
weeds down and to preserve the soil moisture in dry weather, as 
well as to aerate the soil when very wet. If only a small amount 
of fertilizer was applied before planting, another application should 
be given before the time of blooming. This application is especially 
for the production of fruít, and should thereforc contain a large per- 
centage of potash and phosphoric acid in proportion to the amount 
of nitrogen. 
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PRUNING AND STAKING. 



Although it may seem formidable to stake a large field of tomatoes, 
it will pay very well to do so in Porto Rico, where the labor is cheap. 
In sandy and comparatively dry soil the plants will not attain a verv 
large size, and staking will not always be necessary, but on rich. 
moist land it is very difficult to keep the vineš pruned so every part 
of the plant can be reached when spraying, and it is wholly impossible 
to keep the fruits from touching the ground. 

The vineš may be pruned to one stem and trained to a single stake, 
but that is usually unsatisfactory here, because the plants are vory 
vigorous and require constant pruning, which can be performed by 
skilled labor only. The most satisfactory systém is trellising, which 
may be doně by driving stout stakes 20 feet apart and setting a braced 
post at each end of the row; also if the rows are long it may be found 
necessary to set posts at intervals in the row. Two wires are then 
stretched at a height of 2£ and 5 feet, respectively, and secured to 
the stakes by passing a single wire around both and twisting the 
ends until tight. (PÍ. X.) The plants may be left untrained until 
reaching a height of 2 to 2 i feet, when they should be pruned to one, 
two, or not more than three stems and tied to the lower wire with 
cotton twine. After that all new growth below the first wire should 
be kept trimmed off, and when reaching the upper wire the vineš 
should be tied and not allowed to grow higher. 

HARVESTING AND MARKETING. 

In Porto Rico tomatoes should be picked for shipment when full 
grown but before turning red. When the dark-green color has 
changed to light green or whitish the tomato will ripen up in transit, 
but when left on the vine a day or two longer it will often reach desti- 
nation in overripe condition. When picking, it is very important 
that the fruit should be handled carefully so as not to injure it in the 
least, because the smallest bruise will cause the fruit to rot. After 
picking, the fruit is taken to the packing house, where it is carefully 
graded and culled. All the diseaséd "and injured fruits should be 
thrown away and undersized and overripe fruit should nevěr be packed 
for shipment. The fruit is also graded but not usually into more than 
two sizes, viz, large and medium. The fruit is wrapped in tissue- 
paper fruit wrappers and packed in baskets holding two layers. Six 
of those baskets are placed in a crate in two tiers, and the cover is 
nailed on under slight pressure. (PÍ. I, fig. 2.) In shipping tomatoes 
refrigeration is not necessary, but the crates must be handled very 
carefully, so as not to injure and bruise the fruit. 
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DISEASES AND INSECTS. 

Bacterial wilt (Bacillus solanaceamm) will probably be found to 
be the most serious disease of tomatoes in Porto Kico. It is one of 
the diseases which we do not yet know how to combat. It is some- 
times introduced by insects, in which čase it may occur sporadically, 
but often it appears to be contained in the soil, and many plants wilt 
suddenly, others following in quick succcssion until within two to 
three weeks not a single plant remains. If the soil is infected there 
is no k^own remedy, and such soil should not be planted with toma- 
toes. When the disease is disseminated by insects it is obvious that 
the insects should be kept in check. 

Blight (Cladosporium fulvum) and the downy mildew (Phytoph- 
Jtora infestans) are two fungus diseases causing the lower leaves to 
tura brown and die. Both may be kept in check by spraying with 
Bordeaux mixture; but, as the old attacked leaves die off and young 
leaves form rapidly, the spraying should be repeated every week to 
ten days. 

Fungus blight (Sclerotium sp.), as described under eggplant, also 
attacks tomatoes. 

Blossom-end rot is a disease appearing on the blossom end of the 
fruit as black watery spots. It is generally present on the first ripen- 
ing fruits but not often on the mam crop. It can be largely prevented 
by spraying with Bordeaux mixture containing Paris green or arsenate 
of lead, commencing when the fruit begins to set and continued until 
ripening. The insecticide is added because insects probably act as 
carriers of the disease. Of insects the cotton bollworm (Heliothis 
6b8oletá) will probably be the most troublesome here as it is very 
destructive to cotton. a 

TUKNTP. 

This vegetable is not grown extensively in Porto Rico, although it 
is much appreciated and grows readily. (PÍ. IX, fig. 2.) Almost 
any kind of soil is suitable if it is well drained and not too drv. The 
crop responds favorably to commercial fertilizer, which should con- 
tain large percentages of potash and phosphoric acid. 

PLANTING AND CULTIVATION. 

Seeds should be sown in rows 1 to 2 feet apart and when the plants 
are up well they should be thinned out to a distance of 4 to 5 inches. 
The cultivation should consist, as for any other root crop, in keeping 
the weeds down and the soil mellow. 



oU. S. Dept. Agr., Farmers' Bul. 212 trcats of the lateat rernedies for this pěst. 
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VARIETIES. 



The following varieties gave best results at this station: Early 
Milan, Early Purple Strap Leaf, Red Top Strap Leaf, Scarlet Kash- 
myr, and Tenoji. The last named is not of first quality, but it was 
remarkably resistant to black rot in wet soil. 

HARVESTINO AND MARKETING. 

Turnips are ready for the table when large enough, and they should 
nevěr be left in the ground after being full grown, because they 
quickly turn bitter and beeome pithy. When full grown, the roots 
should be pulled, washed, and tied in bunches of about one-half dozen 
by passing a twine around the tops. Turnips may be shipped, but 
not usually with profit. 

DISEASES. 

The cabbage black rot (Pseudomonas campestris) attacks turnips 
when planted in wet soil or soil containing much vegetable matter, 
and such should be avoided when planting. 

WATEBMEIiON. 

The watermelon is not much appreciated in Porto Rico, probably 
on account of the poor quality of the fruit usually produced here, 
which is caused entirely by planting seeds of poor varieties. Water- 
melons will grow on any soil from sand to heavy clay, with a prefer- 
ence for light loam of good water-holdingcapacity without being soggy. 
A dry soil, as w r ell as a soil which becomes soggy with every rain, can 
not be expected to give good results. Newly cleared land is well 
suited to thiscrop. If old, weedy land is selected it should be planted 
with legumes , which should be kept clean until they cover the ground, 
and when fully grown should be plowed under and left until well 
rotted. The land should be marked off in rows 10 feet apart, and the 
rows plowed out by running a double furrowfor a trench in which to 
apply the fertilizer. For fertilizer a stable inanure with an addition 
of potash is verv good. If stable manure is not avaliable a commercial 
fertilizer containing 3 per cent nitrogen, 9 per cent potash, and 9 per 
cent phosphoric acid should be applied at the rate of 500 to 1,000 
pounds per acre. If a crop of legumes has been plowed under, less 
nitrogen will be necessary. The fertilizer should be applied in the 
trench and mixed with the soil by running a cultivator through it 
several times, after which the trench should be filled up by plowing 
two f urrows together. This leaves a raised bed on which to plant the 
seeds. 
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PLANTING AND CULTIVATION. 



Watermelons should be planted 8 to 10 feet apart by dropping 8 to 
10 seeds to the hill in a space covering a square foot, more oř less. 
When the plants háve grown enough to be out of reach of insects they 
should be thinned out, leaving only two plants to the hill. After 
thinning a pinch of nitráte of soda applied and worked into the soil in 
the hill will start the plants off well. 

• Cultivation consists mostly in keeping the soil clean, which can 
conveniently be doně with a horše cultivator. The time in which it 
is possible to cultivate is comparatively short, because the vineš soon 
cover the ground, andit should theref oře be strictly attended to while 
it is possible. 

VARIETIES. 

Good eating qualities and good shipping qualities are seldom found 
in the samé fruit, therefore in selecting varieties the distance of the 
market should be considered. For home use oř for the home market 
Kleckley Sweet, Sweetheart, and White-Seeded Ice Cream are excel- 
lent. The Sweetheart and White-Seeded Ice Cream would also stand 
shipment to the United States if carefully handled. The Kolb Gem 
and Cuban Queen háve thick, tough rinds and solid flesh; they are, 
therefore, well adapted for shipping, but their quality is inferior. 
Other varieties recommended for shipping are Dixie, Florida Favorite, 
Lord Bacon, Rattlesnake, Duke Jones, and Jones Jumbo. 

HARVESTING AND MARKETING. 

In the matter of determining just when a melon is ripe, everybody 
fully realizes that practical experience is the only guide. If the vineš 
are healthy the tendril attached on the opposite side of the vine from 
the melon will wilt when the melon is ripening; but this is not a sure 
guide, because it may wilt a week or more before the melon is ripe and 
it may keep green after the melon is overripe. Another sign is found 
in the appearance of the underside of the melon, which is more or less 
white spotted from contact with the soil. When the spots turn yel- 
lowish and the rind appears warty and is hard when seratched, the 
melon is nearly ripe. The only sure way is to thump the melon and 
judge the statě of ripeness by the sound emitted. The unripe melon 
when flipped with the fínger emits a ringing sound like some hollow 
body, while the ripe melon emits the dead sound of a solid body. 

In harvesting the melons a paeking house is not necessary. The 
fruits should be picked, loaded upon a wagon, and hauled directly to 
the wharf. In shipping, none but large melons should be ušed, as a 
small melon does not pay for the freight and expenses. In shipping 
melons from Porto Rico it should be remembered that in the winter 
months the demand is verv limited: but a small amount of íirst-class 
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fruit will always bring fancy prices. In the spring and early summer 
before the, southern melons come into the market the Porto Rico 
melons should bring a good price, but láteř in summer it would not 
pay to ship from here. 

DISEASES AND INSECTS. 

The inelon leaf spot (Cercospora citrullina) did some damage to 
melons grown at this station. It appeared on the older leaves as dark 
spots, causing them to dry up and die. It can be kept in check by 
spraying with Bordeaux mixture. 

Blossom-end rot nearly always attacks the early ripening fruit, but 
is seldom destructive to the main crop. It can largely be prevented 
by beginning to spray -with Bordeaux mixture when the first fruits 
are. setting and repeating the spraying three or four times until they 
are ripe. 

Of insects, the striped cueumber beetle is more or less destructive. 
(Seeunder"Cucumber," p. 35.) Themelonaphis (Aphisgossypii) often 
inf ests the underside of the leaves. The 1 1 lice " are small green insects 
well known to every gardener. They live by sucking the plant juices, 
and can therefore not be killed by stomach poisons, but are kept in 
check by kerosene emulsion, whale-oil soap, and other remedies. 
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LETTER OF TRANSMITTAL 



Porto Rico Agricultttral Experiment Station, 

Mayaguez, P. /?., January 20* 1909. 

Sir : I háve the honor to transmit herewith a manuscript by H. C. 
Henricksen and M. J. Iorns on the subject of pineapple growing 
in Portu Rico. 

The data reported herein háve been secured by the former hor- 
ticulturist of the station, H. C. Henricksen, and the present one, M. J. 
Iorns, over a series of years. They háve also visited other pine- 
growing sections of the West Indies and Florida. By comparison of 
methods and results many valuable lessons háve been drawn that will 
be of benefit to this industry in Porto Rico. Besides a study of the 
local conditions, especially of the soils of the island with a view to 
their use in producing this luscious fruit, they háve also made some 
originál studies of the peculiar requirements of successful pineapple 
production. 

I respectfully recommend that this manuscript be issued as Bulle- 
tin Xo. 8 of this station, and that it be published in both English and 
Spanish. 

Respectfully, D. W. May, 

Speciál Agent in Charge. 
Dr. A. C. True, 

Director Office of Experiment Station s, 

V. S. Department of Agriculture, Washington, D. C. 

Recommended for publication. 
A. C. True, Director. 

Publication authorized. 
James Wilson, 

Secretary of Agricidture. 
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some of the others. It is quite possible that the samé result could 
be obtained in the West Indies by rigid selection. Some plants of 
the Spanish variety brought from Florida showed a number of per- 
fectly smooth plants in the first generation, but, as far as observed, 
they developed spines in the following generation. To show what 
an inherent characteristic the spines are, a number of leaves were 
split longitudinally and spines developed on the cut margins. 

The color of the leaf varies from red to red striped, and red and 
white striped to dark green, the last being the predominating color. 
The dark-green color is a sign of health in most of the varieties, 
and whenever the leaves, which are normally green, turn reddish it 
is a sign of some derangement. 

FLOWER AND FRUIT. 

The pineapple is a multiple f ruit ; that is, the f ruit which we know 
as a pineapple is really an aggregate of many individual fruits, the 
number of which determines the size of the pineapple. At a certain 
period in the life of the plant the heart — that is, the last-formed 
leaves — will assume a bright red color, and instead of more leaves 
f orming, the flower head will appear on a stalk which is a direct elon- 
gation of the plant stem. The flower heads are rather conspicuous, 
being covered with the bright-red flower bracts. The flowers, which 
are inconspicuous, are of a violet or purple color. In developing, the 
flow T er head loses its bright-red color, and the terminál bracts form 
the rosette on top of the fruit that is called the crown. Later buds 
may appear on the stem below the fruit which develop into slips. 

PROPAGATION. 

A plant bears but one fruit, and the next crop must be produced 
by a new set of plants. There are several different parts from which 
the pineapple may be propagated, all of which are quite similar. 
All are miniatuře plants, and are known under different names ac- 
cording to their position on the mother plant. (See PÍ. II.) 

RATTOONS AND 8UCKERS. 

At the time the fruit is forming buds appear on the stem among 
the roots as well as in the leaf axils. These buds develop into in- 
dividual plants, and those which are formed below the soil are called 
" rattoons," while those in the leaf axils are called " suckers." Either 
of the two f orms soon develops roots, and as the roots of the rattoon 
develop directly in the soil, it will soon be independent of the mother 
plant and can be left to continue the field. The sucker, if lef t on the 
mother plant, also throws out roots, but, as it is not in contact with 
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the soil, the roots develop partly around the base of the new plant 
under the lower leaves and partly in the leaf axils of the mother 
plant. In that position the sucker will grow .and bear f ruit exactly 
as if its roots were taking nourishment from the soil. The nourish- 
ment may in this čase be taken up by the roots from the leaf axils 
where they are developing or through the stem by which the sucker 
is attached to the mother plant. It has been proved that the sucker 
grows as well after severing the connection with the mother plant as 
before, showing that the roots are actually taking up nourishment, 
although not in connection with the soil. The practical importance 
of this is that where the plants are close enough together to prevent 
the suckers from being blown over they can be depended on to bear 
a crop of fruit. Both the rattoons and the suckers can be severed 
from the mother plant at any time and ušed for planting. (See PL 

II, Nos. 2 and 3.) 

SLIPS. 

The plantlets appearing on the fruit stalk below the fruit are called 
" slips." They are similar to the rattoons and suckers, but they sel- 
dom attain the size of those while attached to the mother plant, and 
they can not reach maturity and bear fruit without being planted, as 
they háve no chance for root development. (See PÍ. II, No. 5.) 

CROWN AND CROWN SLIPS. 

The rosette of leaves on the apex of the fruit is called the " crown." 
This is similar to the slip, and when cut off from the fruit and planted 
it will grow and produce another fruit. 

Frequently, and especially in some of the varieties, a number of 
slips will be found beneath and around the crown; these are called 
" crown slips." They are usually small because they do not háve time 
to develop ; they can be ušed for propagation, however, if other slips 
can not be obtained. (See PL II, Nos. 7 and 8.) 

SEEDLINGS. 

Practically all varieties of pineapples produce seeds in the West 
Indies. The quantity produced varies in the different varieties and ap- 
parently depends on the locality as well as the season. In the experi- 
mental plats on the station grounds we háve frequently found fruits 
so seedy that they were almost inedible. (See PÍ. III, fig. 1.) The 
seeds germinate freely, but not very quickly. The plants develop 
slowly until they reach the size of a small slip; after that there seems 
to be no difference in growth. 

In propagating from seeds, plant in boxes under cover, use light 
soil, and cover the seeds lightly. The seedlings are subject to damp- 
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ing off , and it may of ten be neoessary to sterilize the soil bef oře plant- 
ing. After the plants attain the size of small slips they can be set out 
in nurseries and later transplanted into the field. Seedlings will bear 
in from two and a half to three years, while slips bear in about one 
year and a half, shówing that it is not practicable to propagate from 
seed, but it is of great importance in developing new varieties. The 
seeds do not reproduce the variety true to name, and in propagating 
from seeds the result is a number of different types, some of which 
may be equal to the parent, some inferior, and some superior, 

SELEGTING PLANTS FOR PROPAGATION. 

In growing pines, the first consideration is that the plants must be 
free from disease, strong, vigorous, and mature. (See PÍ. IV, fig. 1.) 
A well-matured sucker or slip can be pulled off and left exposed to 
wind and sun and even moisture for a long time, while the immature 
plant will dry up in a short time, oř decay if the air is laděn with 
moisture. There is no essential difference between a rattoon, a slip, 
and a sucker. Suckers often develop on the mother plant before the 
fruit, and such suckers will therefore be several months older than the 
slips and, consequently, when planted will bear several months earlier 
than the former. 

. Rattoons, although they háve a developed root systém, are not 
to be preferred to slips, because their roots die unless the plant is 
removed with a balí of earth. Plants in any stage of growth may be 
transplanted, but old, rooted plants should nevěr be accepted in lieu 
of suckers. Crowns are frequently ušed where they can be obtained 
from canneries and, if large and well maturéd, there is no objection 
to planting them. The small, immature crowns are subjeet to rot, 
especially in rainy weather, and often the loss is very great. When 
crowns are to be planted, two precautions are necessary to avoid logs. 
The first is to trim close to the base of the crown. The second, to 
" cure " the ends by exposing for several days until there is a dry, 
hard surf ace f ormed. This is best doně by setting the crown, base up ? 
where the exposed surface will receive the full sunlight, which will 
dry out the moisture. 

SOIL AND ITS PBEPARATION. 

In Florida most of the pineapple soils consist of over 99.5 per cent 
insoluble silica or sand of rather coarse textuře. The mechanical 
analysis shows very small amounts of organic matter, very fine sand, 
silt, and clay. Soil of this character is not often found in Porto 
Rico or, as a matter of fact, in the West Indies. It was therefore a 
question for the pioneer planters of Porto Rico what soil to choose for 
pines. True enough, pines were found growing wild in many sec- 
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tions and in limited quantity had been cultivated near Laj as for a 
great many years, but nothing was known beyond the fact that pine- 
apples would thrive there in a certain restricted locality, and it was 
believed that they would not thrive on soils less than a half mile 
distant. The practice of the last few years has shown beyond ques- 
tion that pines can be produeed on soils of widely different character, 
although the best quality of fruit is produeed on soils somewhat 
resembling those of Florida. 

The three requirements of the pineapple plant are that the roots 
must háve a limited amount of water, the necessary supply of plant 
food, and an unlimited amount of air. It will be understood that 
a well-drained sandy soil in which the individual soil particles are 
coarse fills some of the requirements. It will need írequent stirring 
of the top soil until the plants become large enough to shade and 
protéct it from evaporation. The plant food, of course, will háve to 
be supplied. 

In clay soil and in loam and even in fine sand the conditions are 
not so readily controlled. A heavy rain will pack the surface, ex- 
cluding the air from the roots, and, unless the land is bedded, the 
water is likely to remain in the soil long enough to cause serious 
injury to the roots. 

Aeration is really the underlying principle of pineapple cultiva- 
tion. The pineapple plant is not ad verse to water, but the water, 
when filling up the soil, exeludes the air. We háve grown plants 
in jars of water for months and found the root development to be 
vigorous and healthy and the inerease in weight of the plant equal 
to plants grown in soil. We háve also grown plants in tubes filled 
with gravel previously washed with hydrochloric acid and distilled 
water and in similar tubes which were perf ectly empty, and we found 
that by watering every day with a very dilute plant-food solution 
roots were developed and the plants inereased in weight, not alone 
in the tubes containing gravel, but also in those which were empty 
and that served only to support the plant and protéct the roots from 
light. These methods are not recommended as practical, but they 
serve to illustrate the nature and requirements of the pineapple plant. 
Methods quite similar are followed on the Florida Keys, where pine- 
apples are often planted in a few inches of leaf mold on top of the 
bare coral rock, and whenever the amount of soil is insufficient to 
support the plant a few pieces of rock are ušed to hold it in pláce. 
Under such conditions pineapples will grow and produce fruit until 
the leaf mold is all exhausted. The reason for not producing longer 
is not so much the lack of soil for root formation as the exhaustion 
of plant food. This is further illustrated in the pineapple regions 
in Florida, where the soil only serveš as a support for the plant and 
all the necessary plant food must be added. These are some of the 
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things known, but in applying this knowledge locally it is oťten 
found that there are other conditions which we are not yet able to 
explain. For instance, one soil may to all appearances be physically 
suited and yet be a failure, while another may seem to be anything 
but a pineapple soil and yet produce a satisfactory growth of plants 
and yield of fruit. It is therefore nevěr safe to say that a field will 
or will not produce pineapples before making a practical test. 

The amount of preparation needed and the methods to be followed 
will depend entirely upon the class of soil selected. 

SANDY SOIL. 

Sandy soils are those in which sand predominates and which are 
found between Rio Piedras and the oceán, and between the railroad 
and the oceán from Manati to Dorado. Such land, if it is new — that 
is, has not been under cultivation for many years — is usually f ree from 
obnoxious grasses and the first preparation will be to clear off the 
trees and shrubs, if any, and plow it to kill the vegetation. In a few 
weeks the sod will be decayed and the land can be worked with a har- 
row or any other tool suitable for fining and smoothing. After that 
the beds may be laid off according to the systém of planting desired. 

CLAY SOIL. 

A clay soil is one that consists almost entirely of clay, such as is 
typically found in the Mayaguez district. Such land, although it may 
not be under cultivation at the present time, has frequently been culti- 
vated within the last generation and often contains noxious weeds, such 
as malojillo grass, Bermuda grass, nut grass, etc, and it is essential that 
all weeds and grasses be eradicated before planting pines. Of course 
it is practically impossible to eradicate nut grass, but wherever the soil 
is full of it planting pines is not to be recommended. The prepar- 
atory step, as with sandy land, is plowing. If it is in the rainy sea- 
son, it will be useless to try to eradicate malojillo and Bermuda grass 
and it will savé work as well as greatly improve the soil to plant a 
cover crop which is known to grow vigorously in the locality. Such 
a crop will often entirely kill out the weeds and, when plowed under, 
will add humus, which is much needed in these heavy soils. If it is 
in the dry season most of the weeds can be eradicated in a few weeks 
by harrowing, which exposes the roots to the sun, and by gathering 
up and carting off some of the materiál if it does not dry fast enough. 
But under all conditions the first and absolutely essential thing is the 
eradication of all joint grasses before planting. The next thing is 
fining and smoothing of the soil. A pineapple bed should be loose, 
porous, mellow, and f ree from clods. 
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LOAM. 

A loam is a soil consisting of clay and sand, and is called clay loam 
oř sandy loam according to the relative amounts of these earths of 
which the soil is made. The typical sandy loam is found in many of 
the Bayamon and Rio Piedras fields and the typical clay loam in other 
fields in the samé districts, as well as in the valleys south of the rail- 
road in the Vega Baja and Manati districts, where there is also often 
an appreciable amount of humus present. These soils are much easier 
to work than the heavier clay soils, but they frequently require con- 
siderable preparation on account of being weedy. 

METHODS OF PLANTING. 

The methods of planting now f ollowed range from single rows, 6 
f eet apart, planted on a rídge, to 20 oř more rows, 15 to 18 inches apart, 
planted on level ground. AU of the methods háve strong advocates, 
and it is simply a question of which method is best adapted to certain 
fields, considering all of the factors that can enter into the discussion. 
Let us first consider a sandy soil, well drained and free from joint 
grasses. If the sand is comparatively coarse, the ground water not 
within 2 feet of the surf ace, and the lay of the land such that the sur- 
face water can drain off quickly, the problém is very simple. Such 
land should without question be planted in wide, level beds. 

If the sand is fine and the drainage not perfect, the soil should be 
bedded up. The height and width of the beds will depencj entirely 
on local conditions. If there are no noxious weeds to combat, the 
beds should be as wide as it would be possible to make them and not 
higher than absolutely necessary to insure good drainage. 

In loam and clay soils the considerations are: To keep the soil 
aerated, to get rid of an overabundance of water in the shortest possi- 
ble time, to be ablq to keep the soil free from weeds, and to prevent 
the f ruit as well as the plants and suckers from f alling over. 

THE 8INGLB-ROW SYSTEM. 

In the single-row method the plants are set from 12 to 22 inches 
apart in rows from 2 to 6 feet apart. The beds are usually made by 
plowing two f urrows together and practically no hand work is needed. 
This systém is not well adapted to sandy soils because they dry out 
too quickly ; neither is it well adapted to heavy clay soils for the samé 
reason, unless the beds are made wider. In a friable loam there seems 
to be no objection to one row in a narrow bed, as far as the soil is 
concerned. If the rows are far enough apart, the systém has the ad- 
vantage of easier cultivation, which may to some extent be doně with 
a horše cultivator; on the other hand there are larger vacant spaces 
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which it is necessary to cultivateto keep clean. If the land is full of 
joint grasses, the one-row systém is well adapted because it is possible 
to enter the beds and weed, while in the wider beds this is practically 
impossible. 

The great objection to the one-row systém is that as soon as the 
fruit attains any considerable size it does not remain in an upright 
position, and when, in leaning to one side, it does not receive support 
from neighboring plants, it bends farther until it reaches the ground. 
In that position it is subject to sun scald on the upper side and will 
be unfít for shipment. Also, after harvesting the fruit, the suckers 
left on the plant are liable to be blown off and, even if they remain 
in an upright position until fruiting, the weight of the fruit is almost 
sure to bend them down. Such beds, therefore, should not be con- 
tinued except by leaving the rattoons and the very lowest suckers oř 
else replanting. (See PÍ. III, fig. 2.) 

THE DOIBLE-BOW SYSTEM. 

For double rows the beds are laid off by plowing several furrows 
together and using some hand work in finishing off. The plants are 
set from 12 to 22 inches apart each way, leaving a margin of 6 inches 
or more on each side of the bed. This systém can be ušed in any 
kind of soil. It has practically all of the advantages of the one-row 
systém and the disadvantage of plants and fruit f alling over is greatly 
reduced, although it leaves considerable to be desired in that re- 
spect. In soils that are inclined to be weedy, the two-row systém is 
preferred to any other, but in comparatively clean soil, and especially 
those čontaining no joint grasses, beds wide enough to plant from 
three to six rows of pines are preferable. 

THE THREE TO SIX ROW SYSTEM. 

In making beds for the three to six row systém the samé method 
can be ušed as for the one and the two row beds, but considerable 
hand work is needed besides. It is good practice to leave a space of 
6 feet between the beds, which should be excavated so as to leave the 
top of the beds at least 12 inches above the bottom of the walk be- 
tween the beds. If the plants are set 15 inches apart and six rows 
to the bed it would require beds fully 7 feet wide. This is not too 
wide for working easily, provided the land is not weedy, while it al- 
most completely eliminates the falling over of plants and fruit. It 
has been found, however, that where the soil is not physically well 
suited to pineapples the rows in the middle of the bed do not produce 
as well as those on the outside, and one should therefore carefully 
consider the conditions before laying off the beds by this method. 
(See PÍ. V.) 
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THE WIDE-BED SYSTEM. 

The method known as the " wide-bed system, v also called " the 
Florida systém," may be ušed where the conditions are similar to those 
in Florida, which does not often occur in Porto Rico. The land is 
marked off with the rows about 18 inches apart and the plants set 
in perfectly straight lineš, which may be as long as the field, but for 
the saké of passing through the field there ought to be a roadway 
of 8 feet for every 200 feet of bed. The width of the bed is made 
30 to 50 feet, according to the distance a man can throw a pineapple. 
In harvesting the fruit one man goes into the bed and breaks off the 
fruit and throws it to a man in the roadway, who catches it and 
places it in baskets or boxes, which are then hauled to the packing 
houses. In practice, beds 30 feet wide with roadways 8 feet wide, to- 
gether with crossroads every 200 feet, make a very convenient field. 

PREPARING THE PLANTS. 

The young plants, whether suckers, slips, or crowns, are covered 
with leaves to the very tip of the base. In stripping these leaves 
off and exposing the stem a number of excrescences will be seen, which 
are the root buds, some of which may be already developed into roots 
of considerable length. Many planters maintain that it is necessary 
to trim the plants — that is, to cut the tip of the base and to strip the 
leaves off for a distance of 1 to 2 inches. Other planters maintain 
that this process is not at all necessary. Why is this? The reason 
is simply the difference in local conditions under which the plants 
are grown. . If a slip is planted without trimming in a dry, sandy 
soil, the roots will form, but instead of spreading out in the normál 
fashion they will wind around the stem under the leaves. There are 
two reasons for this; one is that on account of the dry soil the leaves 
covering the stem remain hard and dry and the roots would háve to 
overcome great resistance in order to penetrate them ; they theref ore 
follow the course of least resistance and develop under the leaves. 
The other reason is that the plant catches a great deal of dew and 
water from light rains, which is retained in the heart and leaf axils, 
from which it trickles down around the base and makes the condi- 
tion there favorable for root formation, while at a distance of an inch 
or more from the stem the soil is drier. This growing of the roots 
around the stem is called in Florida " tangleroot," and there plants 
are trimmed in order to insure the desired root development. If the 
plants are set in a loamy or clay soil that contains considerable mois- 
ture, the leaves covered up with soil will decay in a short time, and 
as the soil is as moist a distance away from the plant as close by the 
roots will spread out just as well as if the plants had been trimmed. 
Therefore for planting in a dry soil or in a dry season, trim, but for 
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planting in a moist soil oř in the rainy season the work is iiot worth 
the cost. 

The trimming consists in cutting off the base and stripping off the 
lower leaves, leaving an inch oř more of the stem exposed! If large 
suckers are planted it is quite coraraon to cut the ends of the leaves 
off, but this is not desirable, because cutting or breaking the leaves 
lowers the vitality of the plant. (See PÍ. IV, fig. 2.) 

PLANTING THE FIELD. 

The beds being prepared according to the desired systém of culture, 
the rows can be marked off either with an ordinarv marker oř with 
a line, but whichever method is ušed the rows should be straight. The 
distance between the rows, as well as between the plants, will vary 
according to the variety and also according to the soil and the systém 
of planting. Pineapples, no matter what variety, do not háve an ex- 
tensive root systém, and when planted in single rows 12 to 15 inches 
apart they háve enough room for root development. In beds with 
several rows, 15 to 18 inches for Spanish and other small varieties 
and 24 inches for Cabezona and other large varieties is space enough. 
Under no circumstances should pineapple plants be set over 24 to 30 
inches apart in the row, because iť is a waste of land, it leaves too 
much s(úl uncovered, and increases the work of weeding, while it 
gives no support for the plants and the fruit. 

In planting it is a good pian for one man to drop the plants the 
desired distance apart and another man to follow with a blunt dibble 
with which to make holes 1J to 3 inches deep, according to the size 
of the plants. The base of the plant is inserted into the hole and the 
soil pressed firmly down with the dibble and with the foot. 

The number of plants per acre will differ, depending on the systém 
of planting adopted. The following table gives the approximate 
number of plants per acre for the different systems of planting: 

Approximate number of plants per acre. 



System of planting. 



Varieties. 



Single row \lMne . 

Double rows {Large 

Threerows (^ 

Fourrows {^f Q 

*iverows <« 

Sixrows j*%gl 

Tbirtyrows fa 



Distance 

apart of 

plants i u 

rows. 



Width of paths between M"frn 




Inches. 
12 
16 
12 by 12 
15 bj 15 
15bvl5 
18 by ^8 
18 by 18 
24 bv 24 
18 bv 1* 
24 bv 24 
18 bv 18 
24 by 24 
18 by 18 
24 by 24 



14,520 
11,616 
21,780 
16,366 
19,038 
14,520 
15,488 

9,680 
16,133 

9.900 
16,594 
10,0:0 
18,639 
10,710 



4 feet. 5 feet. 



10,890 

8,712 
17,424 
13,282 
16,032 
12,445 
13,620 

8,712 
14,520 

9,075 
15,151 

9,334 
18,264 
10,539 



8,712 

6,969 
14,620 
11,022 
13,926 
10,890 
12,232 

7,920 
13,200 

8,377 
13,939 

8,712 
17,889 
10,371 



6 feet. 



7,260 

5.808 
12,446 

9,.Ť04 
12,334 

9,379 
11,130 

7.2® 
12,100 

7,778 
12,906 

8,166 
17,614 
10.309 



Fig. 1.— Normál Root Systems OF Pineapples. 



Fig. 2— Tang le root. 
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HOW THE PINE APPLE PLANT GBOWS. 

If the soil in which the pineapple plant has been set is moist, root 
development will také pláce at once and the roots will be able to také 
up the food elements as soon as needed. These elements in solution 
are carried through the roots up to the stem and to the leaves. In 
the leaf cells, by action of the sun and the green coloring matter 
which we call " chlorophyl," these food elements from the soil and 
carbon dioxid from the air are combined with water into food for the 
plant in ways not yet fully understood. This food consists of many 
complex chemical compoúnds, the best known of which are the sugars 
and starches. From the leaves the food is carried in solution to all 
parts of the plant wherever needed. Both sunshine and chlorophyl 
are necessary to the formation of the principál food, so that a leaf 
losing its color loses its power to form food. It is thus seen how im- 
portant a large, healthy leaf is to the formation of a good fruit. 

Food not needed immediately is stored up in the plant tissues, 
usually in the form of starch, and it is this reservě supply that car- 
ries the plant over periods of hardship and vitally enters into the 
formation of extra-grade fruits. It is probably due to this that, as 
a rule, the pineapple plants that háve a longer period for development 
will give larger fruit. They háve, as it were, more accumulated re- 
servě energy to use in the severe strain of fruit producing. 

The root systém of the pineapple is shallow and usually does not 
extend much over 6 inches in each direction. Among the larger va- 
rieties it is not uncommon to find a few roots extending 10 to l fc 2 
inches from the stem, but the main portions are matted dosely to- 
gether within a distance of from 4 to (> inches. (See PÍ. VI, fig. 1.) 

The development of the root systém is of great importance in con- 
sidering planting, cultivating, and fertilizing. It will be readily un- 
derstood that the plants can be set as close as 12 inches apart without 
the roots interfering. It will also be seen that cultivation must neces- 
sarily be shallow, especially close to the plants, and in fertilizing it 
would be a waste to spread the fertilizer in the middles, where the 
rows are 3 feet or more apart. 

Where small slips are set in sandy soil it is not unusual to find them 
filled with sand, especially after a heavy rain or wind. This is detri- 
mental to the plant, and the sand should be washed out by pouring 
water directly into the heart from a sprinkling can with the rose 
removed. It may also be prevented by dropping a pinch of cotton- 
seed meal, dried blood, or tobacco dust, or a mixture of any of these 
materials, into the heart immediately after planting. This, by filling 
the cavity, will prevent the sand from eníering, yet, unlike the sand, 
it will not choke the plant. 
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CULTIVATION. 

On account of the shallow root growth and the close planting, 
cultivation is confined almost entirely to hand work. With the single- 
row or narrow-bed systém some horše work can be doně the first 
season, but after that the leaves interface and with horše cultivation 
more oř less damage is caused by breaking and tearing the leaves. 
The extent of the damage compared with the differenee in the cost 
of cultivating will naturally determinc the best method to be em- 
ployed, but some hand work will always be necessary. On the sandy 
soils in Florida the scuffle hoe is generally ušed, but on the heavier 
soils in the "West Indies it is necessary to use the ordinary hand hoe, 
not alone on account of the heavier soil, but also because of the 
much more abundant growth of weeds. Wherever the land is weedy, 
cultivation should be strictly attended to, because a crop of weeds 
is detrimental to the growth of the pineapple plant; and if left to 
grow, large weeds are much more difficult to eradicate than if at- 
tended to in time. 

FEBTILIZEBS. 

A great many soils in the West Indies can produce pineapples 
without being fertilized, but the writers háve not noted a single in- 
stance where an application of the proper kind of fertilizer did not 
exert a beneficial influence, eithěr on the fruit or on the plant oř 
on both. Although the pineapple belongs to the natural order of 
Bromeliacea?, many of which are air plants, the pineapple requires 
more than air for its development. It is true that it does grow in 
poor soils, but the Florida planter learned many years ago that no 
fertilizer meant few pineapples, most of which were too small to 
ship. In the West Indies the rich soils always produce the largest 
plants but nevěr the best grade of fruit, and here fertilizers be- 
come necessary in order to improve the quality. 

ACTION OF FERTILIZERS. 

• 

In dealing with fertilizers the only elements in which we are 
interested are nitrogen, potash, and phosphorus. The action of 
nitrogen is especially in the formation of foliage; therefore a soil 
containing large amounts of it compared with potash and phos- 
phorus produces large plants. For fruit, potash is the ingredient 
especially needed, and its role seems to be to give firmness and ship- 
ping quality as well as flavor. The stimulating action of a fer- 
tilizer can often be detected in the plants a few days after it has 
been applied, and with a little experience the grower can telí when 
his plants need fertilizing. The lack of fertilizer is usually mani- 
fested in a turning of the leaves from dark to a lighter green, and 
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often light red color. This change of color can also be caused 
by a lack oř an excess of moisture, or by insects at the roots, but 
often, even in those cases, an application of fertilizer will restore the 
normál color. 

On account of the method of application, it is essential that the 
fertilizer ingredients should not be caustic oř acid, so as to injure 
the foliage. As all inorganic salts cause more oř less injury when 
applied in the heart of the plant, it becomes necessary to employ 
some of the ingredients in an organic form. For nitrogen, neither 
nitráte of soda nor sulphate of ammonia can safely be ušed in tho 
crown. As a source of nitrogen, cotton-seed meal is very good and 
dried blood is very desirable also, as well as high-grade tankage. 

For phosphorus it is not safe to use the acid phosphate in large 
quantities, especially the double acid phosphate, which seems to be 
more acid than the regular 14 to 15 per cent product. Steamed bone 
is very good; it causes no injury and the pineapple will be able to 
také from it as much phosphorus as is needed, provided it is thor- 
oughly steamed and flocculent. A ground bone in which the particles 
are granular is not so valuable, because the phosphorus 5n it is too 
slowly available. Basic slag can also be ušed, but although it does not 
cause as much damage to the foliage as acid phosphate it should be 
ušed with caution. 

For potash the sulphate should be ušed, either the high grade, con- 
taining 50 per cent potash, or the low grade, containing about 27 per 
cent potash. Ordinarily these salts cause no injury, but experiments 
háve shown that it is not safe to apply potash alone to small plants, 
although a pinch may be safely scattered in the leaf bases of large 
plants. 

METHODS OF APPLYING. 

As previously explained, the root systém is very shallow and ex- 
tends only a few inches away from.the stem, therefore the soil in that 
small space must be rich in plant food in order to produce a large 
plant and a marketable fruit. In experiments covering over three 
years it was found that one of the best ways for the plant to také up 
nourishment is to absorb it from a solution trickling down the stem 
from the leaf bases. This is fortunate, because in field practice it is 
difficult to apply fertilizer in any other way than spreading it over 
the plants. Even where the rows are 3 feet apart thfc leaves interlace 
and a great deal of fertilizer drops on the inclining leaves and rolls 
down and lodges in the leaf axils. The writers recommend scattering 
the fertilizer so that most of it will lodge directly in the leaf axils. 
On single rows or on small plants it is best to fertilize each row by 
itself. On wide beds and where the plants entirely cover the ground, 
the fertilizer can be spread broadcast and only a limited amount will 
f all on the soil. 
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WHAT TO USE AND WHEN TO APPLY FERT1LIZEB8. 

The experiments are not yet conclusive enough to show the amount 
of the various ingredients that can profitably be ušed on the different 
soils, nor is it known how of ten the fertilizers ought to be applied, but 
for the sandy soils the ratio of 10 pounds nitrogen, 20 pounds potash, 
and 8 pounds phosphorus per 1,000 plants seems to give good results. 
On the loam soils the nitrogen may of ten be omitted and the amounts 
of phosphorus and potash cut to one-half . As to the time of applying, 
it was found that the plants made the most uniform growth and kept 
in the best condition when the fertilizers were applied in small quan- 
tities and as of ten as every three to six weeks. This is what might be 
expected from applying the fertilizers in the leaf axils, because during 
the rainy season the salts will wash down in a short time^ while in the 
dry season the leaf base solution will be much too concentrated for the 
plants to feed upon if the amount applied is very large. Whether the 
frequent applications will pay for the extra cost of labor is not yet 
known, but it seems probable that the first crop should receive not less 
than four applications and the succeeding crops not less than two. 

The fertilizer formulas given here are intended for the ordinary 
sandy soils and will be found useful whether the fertilizers are made 
in a factory or at home. If made at home, the fertilizer should not 
be mixed any length of time before needed, because there is always a 
possibility of ammonia escaping. The basic slag should under no 
consideration be mixed and left standing together w ? ith the blood, 
tankage, or'cotton-seed meal, because it will induce a liberation of 
ammonia, which will be lost. 

FIRST APPLICATION. 

As the pineapple starts to také up nourishment shortly after plant- 
ing, the first application can safely be made immediately after the 
plants are set. This should consist of some nitrogenous organic 
materiál only, such as cotton-seed meal, tankage, oř dried blood, 
which may be advantageously mixed with tobacco dust if that can 
be obtained. A quantity sufficient to fill up the whole cavity should 
be dropped into the heart of each plant. 

SECOND APPLICATION. 

The second application should be made from two to three months 
later in the following quantities, which will supply 4 pounds nitro- 
gen, 4 pounds potash, and 2 pounds phosphorus per 1,000 plants: 

30 pounds dried blood. 

8 pounds hlgh-grade sulphate of potash. 



Or 



16 pounds low-grade sulphate of potash. 
10 pounds steamed bone meal. 
7 pounds acid phosphate. 



Oř 



Oř 
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40 pounds tankage, containing about 10 per cent nitrogen. 
8 pounds high-grade sulphate of potash. 
5 pounds baslc slag. 

30 pounds cotton-seed niettl. 

12 pounds nitráte of soda. 

8 pounds high-grade sulphate of potash. 

15 pounds stearaed bone meal. 

THIRD APPLICATION. 

The third application should be made six months láteř, which will 
be in April oř May provided the plants were set in Juíy or August. 
The following amounts will furnish 3 pounds nitrogen, 6 pounds 
potash, and 3 pounds phosphorus and should be applied to 1,000 
plants : 

22 pounds dried blood. 

12 pounds high-grade sulphate of potash. 

30 pounds steamed bone meal. 



Oř 



Oř 



30 pounds tankage. 

12 pounds high-grade sulphate of potash. 

10 pounds baslc slag. 

42 pounds eotton-seed meal. 

24 pounds low-grade sulphate of potash. 

14 pounds acid phosphate. 

FOI7RTH APPLICATION. 



Or 



The fourth application, which in this instance is the last, should be 
made about two months previous to blooming, which would ordinarily 
be in October oř November for plants set from fourteen to fifteen 
months previous. The following amounts will furnish 2 pounds 
nitrogen, 10 pounds potash, and 3 pounds phosphorus per 1,000 plants : 

14 pounds dried blood. 

20 pounds high-grade sulphate of potash. 

10 pounds steamed bone meal. 

10 pounds bn sic slag. 

20 pounds tankage. 

40 pounds low-grade sulphate of potash. 
10 pounds steamed bone meal. 
9 pounds acid phosphate. 

30 pounds cotton-seed meal. 

20 pounds high-grade sulphate of potash. 

12 pounds basic slag. 

SUBSEQUENT APPLICATIONS. 

If the field is continued — that is, if the suckers and rattoons are left 
to produce another crop — the plants should be fertilized immediately 



Or 
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after gathering* the fruit, and a second application should be given 
about two months before these plants show bloom. This last fer- 
tilization is especially valuable, as the size of the flower head deter- 
mines the size of the fruit. Fertilizers should not be applied at the 
time the flower head is forming, because it is very tender, and chemi- 
cals dropped into the heart at that time will often cause the fruit to 
be stunted, crownless, or otherwise deformed. There is no objection 
to fertilizing after the fruits háve set, and a small application of 
potash at that time may often improve the shipping quallty of the 
fruit, which might otherwise be too soft. 

The application following the harvest may be made so as to supply 
6 pounds nitrogen, 8 pounds potash, and 4 pounds phosphorus [>er 
1,000 plants in the following combinations : 

43 pounds dried blood. 

16 pounds high-grade sulphate of potash. 

29 pounds acid phospoate. 



Oř 



00 pounds tunkage. 

32 |K>unds low-grade sulphate of potash. 

10 iKHinds ba sic slag. 



Oř 



43 pounds eotton-seed nieal. 

13 pounds nitráte of soda. 

10 pounds high-grade sulphate of potash. 

30 pounds steuined bone nieal. 

The application before fruiting may be made so as to supply 4 
pounds nitrogen, 12 pounds potash, and 4 pounds phosphorus per 
1,000 plants in the following combinations: 

40 pounds tankage. 

48 pounds low-grade sulphate of {totash. 
13 pounds hasle slag. 
Oř 

43 pounds eotton-seed nieal. 

48 pounds low-grade sulphate of itotash. 

10 pounds steauied hone nieal. 

10 pounds hasič slag. 

FERTILIZER FOR SOILS KICII IN NITROGEN. 

There are many localities in Porto Rico in which the pineapple 
plant grows luxuriously, but produces small fruit. Usually, however, 
when the natural conditions are favorable a large healthy plant will 
produce a large fruit ; but if the soil is rich in nitrogen and deficient 
in potash and phosphorus, the quality of the fruit will be inferior. 
Frequent reports háve been received of large shipments of fruit 
arriving in Xew York with 75 to 90 per cent decay, while other ship- 
ments on the samé boat arrived with only f rom .5 to 10 per cent decay. 
This may be, and often is, caused by excessive rains in the localities 
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f rom which the poor pines came ; but in comparing the soils and the 
fertilizer ušed doubtless the unbalanced supply of plant food was 
largely the cause. Experiments to prove this are not yet completed, 
but with the present knowledge the writers would recommend an 
application of 20 pounds of high-grade sulphate of potash per 1,000 
plants j ust* bef oře the first sign of bloom. 



81! M MARY. 



The following table gives a sumniary of the different fertilizers 
recommended for use and times of their application. In the second 
and following applications three different mixtures are recommended : 
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[Amount per 1,000 planta.] 
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« Eno'igh to ti li crowu. *>May be ušed in pláce of dried blood. « 10 per cent nitrogen. 
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To classify the varieties of pineapples in the West Indies in such 
a manner that the classification may be of practical value to the 
planters seems an almost hopeless task. In Porto Rico alone the samé 
variety shows distinct characteristics in the different parts of the 
island, and the varieties imported from other West Indián islands 
under given nanies are wholly different from those already growing 
in Porto Rico under those names. Furthermore, new ty pes are con- 
stantly originating from seeds. Types are formed by degenerated 
varieties escaped from cultivation and some are found in the Manati 
section in Porto Rico of which it is difficult to judge if they háve 
ever been under cultivation. The varieties known and commonly 
planted in Porto Rico until a few years ago were Cabezona, Pan de 
Azucar, and Xegrita. In the last few years the variety known as 
Red ř- : panish has been planted extensivelj\ and several varieties háve 
been imported from the various West Indián islands by the experi- 
ment station and in a few cases by individual planters. 

CABEZONA. 

In Florida the Cabezona is classified as the Porto Rico, which 
would indicate that it came to Florida from Porto Rico. It is not 
known whether it originated in Porto Rico, but, according to hear- 
say, it has been grown at Palmarejo, a village about 2 miles west of 
Lajas, since the earlier part of the nineteenth century. In 1903 the 
entire planting at that pláce amounted to about 135 acres, and the 
amount of fruit shipped from there was approximately 140,000 pines. 
At that time there were about 100 acres planted- to the Cabezona in 
the Bayamon section also, but it w T as noticed that the plants were 
smaller, the leaves narrower, the color lighter, and the fruit distinct 
in flavor from the Palmarejo fruit. 

The Cabezona is one of the largest varieties grown. The plant is 
large, with broad, dark green, spiny leaves. The fruits vary in 
shape from oblong, tapering, often irregularly bulging, to almost 
cylindrical with regular sides. The Palmarejo fruit averages 8 to 10 
pounds. Twelve to 15 pounds is verv common and as high as 25 
pounds has been reported, although the writers háve seen none that 
weighed over 18 pounds. The color of the fruit is a dark green, 
turning to bright yellow when ripe. The crow r n is large and regular 
and crown slips are not often found. The fruit stalk is large and 
extends up into the fruit, so that when broken off it leaves a cavity. 

RED SPANISH. 

Just as in the Cabezona, there is considerable variation in the Red 
Spanish in the different parts of the island. It is not definitely known 
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who brought in the first plants oř where they were brought from, but 
in 1905 and 1906 large shipments were made from Florida and some 
from Čuba. Some háve been brought in from other of the West In- 
dies, so that at present there are a number of strains, but these are not 
distinct and can not be readily distinguished. Chcnges due to soil, 
cultivation, and climate are often greater than the strain differcnce. 

In generál the fruit of Red Spanish is small to medium, somewhat 
eone-shaped, and of medium quality. Ofttimes the fruit is so short 
compared to its diameter that it has a flattened appearance. The 
eyes are relatively quite large, and when ripe háve a bright, clear 
red color. The plant is vigorous, but not as large as the Cabezona. 
Its leaves are reddish green at tips, changing to a bluish green near 
base. They should be quite wide relative to length, and with heavy 
thick base. The fruit breaks off clean and close to base, and with 
little danger of being injured. Just before blooming the center turns 
bright red, thus affording an indication as to time of fertilizing for 
fruit. 

The plant quickly shows poor growing conditions by turning red- 
dish or losing color and becoming yellow. It is very susceptible to 
the soil conditions and to methods of culture and fertilization. It 
slips well and thus propagates rapidly. Data from many fields show 
an average of over five slips per plant, and the writers háve often 
counted twenty and more slips, suckers, and rattoons on a single 
plant. This rapid multiplication, together with excellent shipping 
qualities, make the Red Spanish the great commercial variety of 
the present, though many others surpass it in quality. 

Aside from these two leading varieties, there are a large number 
of native and introduced forms. At the station some twenty and 
more introduced and selected varieties are being tested and a number 
of seedlings are being grown, but thus far none give promise of soon 
replacing the Red Spanish and Cabezona. Some of the new varieties 
produced on the experimental grounds at Miami, Fla., far surpass 
all other varieties, and one selection made by this station, a yariegated 
Cabezona, gives considerable promise for a fancy decorative pine, 
but it will be many years before these can be produced in quantities 
sufficient to supply the markets. 

Since conditions govern size, quality, fla vor, and even form, it is not 
profitable to enter into the description of any of these many varieties. 
When some variety becomes prominent enough to become a com- 
mercial possibility, then will be time to give a full description. 

PBUITING. 

The time necessary to produce a fruit depends upon many factors, 
some of which can be controlled, while others can not. The con- 
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trollable ones are size and condition of slip, cultivation, and fertiliza- 
tion. The chief uncontrollable ones are the climatic conditions pre- 
vailing after planting. As a rule, vigorous slips, 12 oř more inches 
long, large suckers, and large rattoons will produce fruit in one year 
oř less, depending upon conditions named above. Results, as far as 
obtained from many experiments under way, indicate that it is better 
to set younger plants, and wait a few months longer for the fruit, 
because the rapidly maturing plants do not seem to háve the vitality 
and reservě force necessary for producing the largest and best fruit. 
As to which will fruit first, a slip or a sucker, all depends upon con- 
ditions of vigor, age of plant, and culture. Slips and suckers of the 
samé age and vigor, under the samé growing conditions, will, as a 
rule, show little or no difference, but acoording to data collected the 
sucker usually produces fruit first, because it is often much more 
advanced. Whether by culture and fertilizers as good fruit can be 
produced in ten to twelve months as in fourteen to eighteen months 
is a question for close investigation. Such a comparison should 
include cost, the difference in time and culture, and the gain in quality 
and size of the fruit. 

In those countries where there are climatic seasons, there is a dis- 
tinct period for planting and a distinct period for fruiting,'and such 
was generally true in Porto Rico until within the past two or three 
years. The demand for fruit caused plantings to be made at all 
seasons with plants of all grades, and as a result fruit is maturing in 
all months. It is even yet a question whether definite seasons will not 
come again, but it is probable that a planter by varying the con- 
trollable factors can mature most of his fruit at any desired time of 
the year. From the marketing standpoint this is verv important, for 
he can thus mature his fruit at the season when the prices are best. 
This will necessitate each planter's keeping careful and complete 
records of his work and local conditions. 

MATURITY OF FRUIT. 

The proper degree of ripeness for gathering is very difficult to 
describe, especially as the fruit begins to mature at base and at core 
first, so that one portion of the fruit is riper than another. Much 
depends also upon the length of time necessary to put the fruit 
into the consumer's hands. 

There are several ways of judging the degree of ripeness. These are 
the development of the crown, the slips, the eyes, the bracts or little 
leaflets at the eyes, and the generál color. As the pine ripens, the 
crown opens out, the eyes flatten, and the margins round up; the 
spaces between the eyes open and grow lighter in color ; and the little 
leaflets wilt, then shrivel. As most fruit is picked quite green, only 
much experience and testing will give one any degree of skill in 
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determining just the condition best for picking. As a rule the more 
nearly ripe the pine can be allowed to become before gathering the 
better the quality ; but usually the pine will ripen and color fairly well 
after being gathered if the eye margins are well rounded, the spaces 
between show a light greenish yellow, and the leaflets are wilted or 
withered. If gathered earlier, the fruit may apparently ripen, but 
the quality will be poor and usually the color as well. 

If the fertilizer has been well balanced and other conditions what 
they should be, the fruit can be left until more mature, and hence of 
higher quality. A soft fruit indicates improper soil or fertilizer con- 
ditions. 

YIELD. 

The yield of pineapples is such a varying quantity and dependent 
upon so many f actors that it is almost impossible to make any definite 
statements. From data gathered from prominent growers in differ- 
ent parts of the island, it is probable that 93 peť cent of the Red 
Spanish plants should yield fruits, GO to 70 per cent of which would 
grade as 24's or larger. With the Cabezona variety 50 to GO per cent 
of the plants should bear fruits, 95 per cent of which would be 24's 
or larger. Some growers obtain from 98 to 100 per cent fruiting 
plants, 70 to 80 per cent of the fruits grading 24's or more. It is 
here that the test of the whole svstem lies. It is the vield in its 
broad sense of both quality and quantity that determines the grower's 
success. 

FIELD AFTER FRUITING. 

How to treat a field after the crop is gathered becomes a complex 
question where the fruit is ripening over such a long period. As 
shown under the discussion of fertilizers, as sóon as the fruit is 
gathered the plant should be fertilized. Where fruit matures very 
irregularly this can be doně by having a man go over the field after 
every heavy picking and fertilize the plants from which the fruit 
was just gathered. The small expense will be more than gained in 
growth of slips and suckers. 

A second need after fruiting is a thorough cleaning and cul ti vat ion. 
This is difficult to jjccomplish, as it is not wise, if it can be avoided, 
to cultivate strongly those plants having fruit nearly mature. Such 
cultivation may result in renewed growth and yield soft fruit. On 
the whole, it is best to wait until the most if not all the fruit has 
matured for the thorough cleaning of the field. At the time of 
cleaning, all diseased and poor plants should be removed and their 
places, as well as all vacancies, filled with strong, vigorous ones. 

At this time some advise cutting off the leaves of the old plants. 
While it is a good pian to clean the plant from dead or badly injured 
leaves, it is not advisable to cut others except in speciál cases. If the 
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field is in such a condition that good work in cleaning can not be doně 
without it, then it may be best to cut off the old leaves. Tt must be re- 
membered, though, that the leaves are the part that change the ele- 
ments of the soil and air into food for the plant and any injury to 
them decreases the amount of food that can be formed in a given 
time. 

As the root systém is very shallow, if there has been much wash- 
ing or working away of the soil, the earth should be thrown into the 
bed around the plant to the depth of 3 to 4 inches. This not only 
covers the roots, but also helps support the old plant. Care should 
be ušed to j-ee that the middle of the bed is kept higher than the 
sides to assist drainage. 

As fast as they mature the slips and suckers should be removed. 
If all are not desired for planting, then it is well to remove the 
smaller, weaker ones as soon as possible, thus throwing all the 
strength of the plants into the ones needed. The number of rattoons 
and suckers left to bear the next crop depends on the bedding and 
richness of the soil. Usually two are left to each plant. If the 
ground is very rich and one expects to fertilize well, three and even 
in extréme cases four of the best rattoons and suckers mav be left. 
In the single-row systém only the rattoons or possibly the very lowest 
suckers can be left, as any others would probably fall over and either 
break off or allow the fruit to be sun scalded. In a several-row sys- 
tém the retcntion of only the lower suckers and rattoons is not so 
necessary, and the closer the plants the more this is true, but in all 
cases suckers from near the top should be avoided if possible. 
Usually, if the upper suckers are pulled off, others will be formed 
lower on the plant, and even the development of rattoons can often 
be caused by removing the suckers first formed. 

The length of time a field may be kept continuously in pineapples 
depends most upon its fertility, but the nature of the soil, the weeds 
and grass, the systém of bedding, and the tendency of the mother 
plants to propagate by rattoons or low suckers also are governing 
factors. Where the ground is strong, heavy, and weedy, it is prob- 
able that three to four years is as long as the field can be eco- 
nomically continued. In such cases a rotation of three crops of fruit, 
then a deep plowing and two or three cultivations, then about two 
good crops of cowpeas, at least one of which is turned under, then 
another deep plowing and thorough cultivation, followed by re- 
planting with pines, will prove very satisfactory. The cultivation 
and two crops of cowpeas should not také more than eight or nine 
months and would more than pay for the loss of time. When the 
other factors can be controlled, a field may be continued from eight 
to fif teen years, or as long as the fertility is such as to keep the fruit 
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up to profitable size. In Florida this is from five to ten years; in 
Čuba, five to eight years; and in the Bahamas, in exceptional cases, 
as much as fifteen years. 

MARKETING OF FINES. 

To grow a first-class pineapple requires more skill and intelligence 
than is usually considered necessary, but to market it well requires 
even more. " Marketing " embraces two quite distinct operations : 
First, the preparation for the market; and second, the actual finding 
of the market, the transportation thereto, and the selling of the fruit. 
The preparation of the fruit for the market involves two series of 
operations — those of the field and those of the packing house. 

(JATHERING. 

In the picking of the fruit, the method of bedding, the variety, and 
the size of the plants influence the method ušed. Pineapples, prob- 
ably because of their appearance, are commonly considered able to 
stand rough handling. On the contrary, they are very susceptible 
to injuries, especially in the field before curing, and should be handled 
almost as carefully as are strawberries or ripe avocados. 

Because of the spines, the pickers should wear long-sleeved, heavy 
canvas gloves, and where they must walk through the pines it is also 
well to háve protection for their bodies. 

Stiff bushel baskets are best for collecting the fruit. In the one- 
to-five row systems of bedding each picker carries his own basket. 
In larger beds it is more economical to háve extra men to collect 
fruit from the pickers, regulating the number of baskets by the 
quantity of pines. Each fruit should be placed in the basket, not 
thrown or dropped. The Red Spanish can be broken off its stem by 
a quick sidewise and downward jerk or by placing the knee against 
the fruit stalk and givirig the fruit a quick jerk across the knee. The 
Cabezonas must be cut off, since, if broken like the Red Spanish, the 
stem will break deep into the fruit and decay will soon follow. A 
good way is to cut a long stem with a machete, and then in the pack- 
ing shed arrange a cutting knife like that ušed in stores for cutting 
tobacco, dried beef, etc. Keep the knife sharp so it will make a 
clean, smooth cut flush with the base of the pine, being careful not to 
bruise the fruit. All other varieties are treated like the Red Spanish 
or the Cabezona, depending upon how they break from the stem. 

COLLECTING CRATES. 

From the picker's basket the fruit is transferred to the crates for 
transportation to the packing shed. It is here that much fruit is 
injured by roughness and carelessness. The fruit should be trans- 



30 

ferred by hand and not dumped or thrown out. Care should be taken 
also to see that the fruit of one is not crowded against the crown of 
another, as the punctures caused by the spines afford ingress to 
spores of decay. The colleeting crate should be deep enough to hold 
not more than two layers and allow another crate to be placed upon 
it without touching the fruit. The crates should also u nést " into 
one another so they will hold firm upon the wagon. This nesting 
can be easily made by nailing strips around the outside of each crate. 
allowing the strips to project from one-half to one inch above the 
ends and sides. Care should be taken to see that there are no nail 
points, slivers, or projections of any kind that can injure the fruit. 
It is natural, when transportation facilities are not first class, to lay 
the poor carrying of fruit upon the transportation company. Even 
if the transportation facilities are poor, it is safe to say that a con- 
siderable proportion of the rotting of the fruit is due to injuries 
received by carelessness in gathering and preparation for shipment. 
In hauling to the packing house, wagons with good springs should 
be ušed, as fruit unpacked is more susceptible to being injured by 
jars than when packed. 

PACKINO HOUSE. 

It is impossible to design a packing house that will meet the needs 
of all conditions and packers, but there are certain essentials that 
govern every well-arranged house. These may be sunimed up as 
follows: 

(1) Arrange so that one operation will not interfere with another. 

The entrance for fruit should be on one side and the exit on an- 
other, and the curing, grading, sizing, packing, and finál operations 
should be so arranged that they will come in the above order and be 
continuous. 

(2) Avoid as far as possible all lifting or lowering of the fruit, 
either packed or unpackec . 

One of the best arrangements is to háve the main packing floor 
about on a level with the wagon box. Háve floor space enough to 
let the fruit cure in the field crates. Let the bins for graded and 
sized fruit be along one side or across one end of the building and 
open at both ends, so that they are filled from one side and emptied 
from another. From each bin run a packing bench of proper height, 
and let these benches be continuous with the bench ušed for nailing up 
the boxes, so that the boxes of fruit can be slid along the bench from 
packer to nailer and from nailer to finisher and stenciler. This saves 
all lifting and possible dropping of the packed boxes, and the princi- 
ple can be applied in many modifications to suit conditions. Tf econ- 
omy of room is necessary, the boxes can be made in a basement below 
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and raised by means of a simple elevator, oř made in a room above 
and slid down a properly arranged chutě. 

(3) The house should be made as cool and dry as possible. 

(4) Keep evérything clean. Do not, as is too often doně, allow 
decayed oř diseased fruit to lie around. Each diseased oř decayed 
fruit is able to render the air of a whole packing house dangerous 
to all other fruit therein, especially if any such fruit should háve 
even the slightest break in its skin. 

CURING. 

The time necessary for curing depends upon the conditions just 
before and during picking. If the fruit is picked in dry weather, 
cooling is the essential factor. The fruit should be put in an open, 
dry, shady pláce one night, or at the most two. If gathered when 
moist or during wet weather, as is sometimes unavoidable, then the 
fruit must be dried as well as cooled, and this will sometimes require 
three or four days. For this curing set the pines on their crowns 
base up. This necessitates the curing shed being as cool, dry, and airy 
as location and construction can mako it. Damp and uncured fruit 
is often shipped, and may carry through in good condition, but it is 
not safe to také the risk. 

GRADING. 

It is questionable if it is advisable to make more than one grade for 
shipping. If a local cannery is available, the culls could be worked 
up there, as the margin of profit on shipped fruit generally hardly 
justifies shipping second-grade fruit except at times of especially 
high prices. First-grade fruit should be free from sun scald or other 
injury, of good form for the type, of proper degree of maturity, and 
of good quality. Some of these are difficult to determine, but one 
handling much fruit can, by close observation, grade very accurately. 
In a strictly first-grade pack the crown should also receive considera- 
tion, all the pines being as uniform as possible. 

SIZING. 

The methods of sizing are exceedingly varied, most of it being doně 
by the eye alone. One of the serious criticisms of Porto Rico fruit is 
its irregularity as to sizing. One brand of 24's will not be the samé 
as another brand, and, worse yet, the sizes of the samé brand will not 
be uniform. It is next to impossible for the eye alone to size uni- 
formly, as it is too easily deceived by variations in crown, form, etc. 
As yet there is no systém perfected to the extent that there is for 
oranges and grapefruit, and probably nevěr will be, unless we develop 
more regularly formed fruits. Aside from the eye systém there are 
two others quite largely ušed with various modifications. One is by 
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weight and the other is by sizers. The sizers are of three generál 
styles. One of the simplest and also the best is a " V " shape with the 
different sizes marked on the side. The fruit is taken up by the 
crown and placed in the sizer till it touches gently each side, and the 
side lineš then mark its size. Care must be taken to see that the 
greatest diameter of the fruit is invariably ušed. 

Another style is a series of slats nailed on two cross pieces so that 
the spaces between will form the sizes. The fruit is sized by finding 
the space it most nearly fits. The edges of the slat must be rounded, 
so as not to injure the fruit, and even a light padding is advisable. 
A third form is a series of circles cut in a large board, each circle 
being a size. The fruit is sized by finding the circle through which 
the butt end will just pass. 

Sizing is also doně by weight This systém is probably due to the 
fact that some canning factories buy by weight. It is figured that a 
crate holds about 72 pounds and the scale was based on that amount. 
Because of the very great irregularity in the development of the 
crown this method is very faulty for pines to be packed for shipment 
and is not ušed to any considerable extent. 

Whichever systém is ušed it is best to use the larger limit of 
diameter required to make that sized pack. Make your brand stand 
for " extra " in every way. 

These are the chief methods of sizing, but they háve many modifica- 
tions. They are all faulty in that they measure only the greatest 
diameter. They are effective in proportion to the care ušed in grad- 
ing and the skill in using the systém chosen. Here again is work for 
the horticultural societies. There should be a generál scale of sizes 
adopted and specifications as to what shall constitute a regulation 
first grade, second grade, etc. Then expert inspectors should be 
chosen to see that every box comes up to its grade. By this method 
the Porto Rican fruit can soon make its own market. 

The prevailing sizes for Red Spanish are as follows : 

Diameter ln 
inches. 

18's; that Is, 18 to the crate 5i 

24's; that is, 24 to the crate 4| -4f 

30'h; that is, 30 to the crate 4§ -4& 

36's; that is, 36 to the crate 3il-4* 

42's; that is, 42 to the crate 3| -3J 

4S's; that Is, 48 to the crate 3&-3$ 

Other sizes, such as 20's, 28's, 32's, etc, are sometimes ušed, but if 
the regulation crate is employed these make awkward packs, and as 
a rule do not bring more than the next smaller pack. 

PAPER AND WRAPPINO. 

There is no prescribed páper or method of wrapping; it is not the 
method, but how well it is doně, that counts. The packer can here 
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show his individuality and establish his brand, and, if necessary, he 
can háve his trade brand registered. By care and originality in this 
part of the work one can easily make several cents difference in the 
selling price of his fruit. Poor páper, an unsightly brand, careless 
wrapping, one or all, will conceal the reál merit of the fruit and 
depreciate its value markedly. It is true economy to use a tough 
glazed páper that will not absorb the juices of any dečaying fruit and 
break, thus spreading the trouble. When using colored páper, or 
a brand printed in colors, see that the colors are f ast, otherwise should 
moisture be encountered the fruit will be stained and the brand 
smeary. It is well to háve at least two sizes of páper, one for the 
large pines and one for the small, as an excess of páper about a 
fruit detracts from its appearance. When páper with printed brand 
is ušed, háve the brand as nearly as possible in the samé position on 
each fruit; also see that the fruit is wrapped smoothly and that no 
unsightly projections, wrinkles, or tears are visible. Pláce the fruit 
on its side diagonally at one of the lower corners of the páper and roli 
tightly, turning in projecting páper at the bottom and gathering. the 
top with a twist around the crown. 

BOXES. 

There is a standard Red Spanish box ušed in the trade which is 
12 by 10£ by 36 inches with a partition in the middle. The ends 
are either solid or paneled five-eighths, 1, or 1£ inches thick. Some of 
the most progressive packers claim the solid head makes a firmer, 
neater, and all-round better head ; others fa vor the paneled ; so that it 
is largely a matter of expense and taste. There are other sized crates 
in use, some even using the standard lemon and standard orange 
boxes. The station has tried a speciál box for the Cabezona because 
of its size, but at present the majority of the trade recognizes only 
one size of crate, and it is best that all come up to that standard. 
The only exception would be a speciál standard crate adopted by all 
the horticultural societies of the island and made for a speciál f ancy 
pack. Such a crate for our fancy fruit could be made very effective 
if properly introduoed. Whatever crate ušed, the packer should see 
that the lumber is bright and clean. Nothing injures the appearance 
of a pack more than a dirty, mildewed, imperfect box. To keep the 
boxes clean there should be plenty of clean, dry storage room, so 
that the supply for the season can be laid in when prices are best. 
This is usually some months before the packing season really opens. 
This supply is rendered even more necessary here in Porto Rico, 
where the shipping season is so long. A large storage room will 
permit the making up of boxes at odd times when outdoor work is 
impossible. 
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PLACINO IN BOXES. 

In packing there are two ways of placing the fruit in the box. 
The standard way is for the packer to face the side of the box and 
pláce the butts against the side nearest him, the number in each layer 
being governed by the size being packed. The second layer will 
háve the crowns toward him, the fruit being in the spaces between 
the crowns of the next lower layer. The layers thus altemate, the 
last one filling the box a little more than flush. The second systém, 
ušed because of excessive crown development, is to pláce the fruit 
across the wider side. This gives a longer space for the fruit, but 
may change the number of fruits in each layer. While it is always 
best to adhere to the recognized standards, if possible, yet there are 
times when it is best to make new standards, and if condition of crown 
is of much value, this new systém has much merit. Certain it is that 
to pack much of the Porto Rico fruit by the present standard method 
means to crush and crumple a very large percentage of the crowns, 
thus injuring the looks of the fruit very seriously. If a brand is 
ušed, the fruit should be so placed that it will make a good display 
when the box is opened. This means that in first and second layers 
the brand should face what is to be the top of the box and should 
appear regularly placed. 

NAILING. 

Depending upon size of fruit being packed, it will také one nailer 
for every two to f our packers. The ends should be nailed first ; some 
packers leave the centers unnailed. As the fruit usually settles, it is 
advisable to nail the middle to prevent looseness later. If , however, 
care is taken to pack tightly and exactly, there is less need to nail the 
middles, and some advantages are to be gained by not doing so. Use 
a nail with large head, the larger the better, but of small body. The 
sťrain is chiefly on the head and a small body is necessary to avoid 
splitting the slats. Fourpenny wire nails are the ones usually ušed. 
These run from 300 to 600 to the pound, depending on size of head 
and kind. 

MARKING, ETC. 

Many find it advantageous to mark the boxes, all but the size, be- 
fore they are packed. A complete stencil will contain brand of 
shipper, name of fruit, size, grade, consignee, and any necessary 
shipping directions. To pláce these in the samé relationship toward 
each other and to pláce on head of all boxes is not an easy matter, 
yet if not so placed the effect is bad. A carelessly stenciled head in- 
dicates a careless packer and so detracts from the value of the fruit. 
If solid heads are ušed, it is advisable to háve all the directions made 
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into one stencil the samé size as the head. In this way all the heads 
will be uniform in appearance. The return for neatness will much 
more than repay cost of plate. If the paneled head is ušed, the stencil 
containing all but size can be made to fit the panel. The marking of 
the size should be regular and uniform as to position, oř it will also 
mař the effect. Evěry precaution should be taken to make the head 
and the whole exterior of the pack as attractive as possible, for it is 
the part first seen, and uniformity and neatness will do much to bring 
the best class of buyers and the best prices. 

As a finál inspection the box should be examined for defects, such 
as projecting or badly nailed slats, loose packing, and any other 
points that denote carelessness or slovenliness. 

MARKETING ASSOCIATIONS. 

If there are any organized, by all means join a marketing associa- 
tion. If there are none, then do all you can to organize one, as no one 
thing can help more to make the industry a success and thus help 
each individual grower. 

Some of the chief advantages of marketing associations are as 
folio ws : 

(1) Supplies can be obtained at better rates. 

(2) Standards can be established and better maintained, because 
the manager will háve large amounts of f ruit to pláce on the market. 

(3) The fruit can be better distributed and loss saved by not 
glutting one market while others are short. 

(4) The whole grade of the fruit and the industry itself will be 
improved by reason of the knowledge of what the markets desire. 
This collection of helpful data is alone worth the membership cost. 

(5) Better terms can be obtained from transportation companies; 
also more improvements and appliances for handling fruit. 

(6) Markets can be extended and new fields opened. 

(7) Inspection, storing, repacking, etc, can each and all be doně 
cheaper and better. 

Still other reasons can be given, but surely these are enough to con- 
vince one of the value of marketing associations. It is on record 
that associations háve been the means of increasing net profits to the 
growers 20 to 30 per cent in one year. 

SHIPPING. 

As the local markets in Porto Rico are small, practically all the 
fruit must be shipped or canned. In the shipping we are at a dis- 
advantage, as we must depend upon oceán vessels that are ill equipped 
for carrying such fruit, and, worse yet, during a part of the season 
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carry large cargoes of raw sugar. Until regular fruit vessels are 
built, we must make the most of the means at hand. To do this all 
must work in cooperation. It is not a čase for individual action, but 
for associations. By all acting in harmony better terms may be 
obtained from the steamship companies. Any definite, practical, 
necessary convenience will be more easily obtained when demanded 
by the growers as a body than by individuals. 

The systém of inspection at the dock is already having good effect, 
but much should still be doně. The chief points to be emphasized 
are ventilation, care in handling, and care in placing in the hold. 
These are all only indirectly in the hands of the growers and packers, 
but should receive their careful attention. If derricks are ušed to load 
on boat, the platform systém should be demanded. Speciál care 
should be taken to see that the stevedores do not handle the boxes 
roughly. 

When placed in the hold the boxes should not rest directly upon one 
another nor close together, but slats one-half to 1 inch thick should 
be tacked across the ends. Air spaces should be left between the 
tiers, thus preventing the crushing of the fruit by jamming and per- 
mitting the free and thorough circulation of air about each box. 

CANNINGh 

The canning industry is increasing in Porto Rico. For several 
years a single factory was run a few months each year during the 
main crop of Cabezonas. Now canning factories are being built 
wherever many pines are grown. The natural development for the 
f uture is for each neighborhood to háve a factory, either cooperative 
or private. Such a factory can utilize the second-grade and blem- 
ished fruits, oř, what is more important, také care of the fruit when 
prices are low, or when, because of soil, fertilizer, oř climatic con- 
ďitions, the fruit does not carry well. 

Machinery for handling the fruit in a canning factory has been 
so perfected and simplified that these neighborhood canneries are 
entirely practicable. Aside from the pineapple the canneries could 
utilize many of the citrus and other native fruits, thus enlarging the 
field of operation and benefiting the island by developing more diver- 
sified fruit raising. Not only could these neighborhood canneries také 
up the canning of other fruits, but they could put in, at a small ex- 
pense, an extractor and make ciders and denatured alcohol from the 
fruit not fit to can, thus decreasing the waste and increasing the 
reveňues to the growers. Such work is beyond the experimental 
stage in other countries, and we should not lag behind in a work of 
such importance. 
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PINEAPPLE GROWING AS A BUSINESS FBOFOSITION. 

Over and over again the question is asked, " Does pineapple grow- 
ing pay?" Many companies háve been organized in Porto Rico 
and prospectuses published giving, in many cases, grossly exaggerated 
results based upon some exceptional yield. This being.the čase, it 
is well to give some data showing what returns the average planter 
may expect. 

By referring to preceding paragraphs and data gathered from a 
large number of representative growers, one can reach a close ap- 
proximation of what ordinarily may be expected. Of course, each 
item will vary much under different conditions, but the chances are 
that the totals will not vary so much. Then, too, we are only seek- 
ing for the returns that may reasonably be expected, not the bumper 
returns nor the failures. 

Good pineapple land well located now costs from $75 to $200 per 
acre. To plant this land will také an average of 10,000 slips which 
at the prevailing prices will cost $150. To prepare the land as it 
should be prepared means three to six plowings and cultivations. 
The cost of these will vary somewhat, but will average from $15 to 
$25, depending on the nátuře of the soil and wages paid in that par- 
ticular locality. Bedding, preparing the plants, and planting will 
cost another $15 to $20. Some, in especially favored sections, get 
this doně for $10, but this is exceptional. After planting, the culti- 
vations will cost on an average $3 to $5 each, and the number for 
the crop should be at least 6, better 10 oř 12, making $20 to $00 for 
all. Picking and packing will cost from $10 to $20, besides boxes. 
Adcling these we get the cost of the first crop to be from $210 to 
$275 per acre, not counting cost of land. To this should be added 
$35 to $50 for fertilizer in the poorer and sandy soils. This will 
make the cost of preparing the ground, planting, and growing the 
crop from $250 to $300 per acre. 

For the credit side of the account there are the fruit and the slips. 
In a good stand the average percentage of fruit obtained is about 
90. This would give 9,000 fruits. Of these at least 85 per cent, or 
637 dozen, should bring an average of 50 cents per dozen if sold at 
the cannery oř more if sold at good average market prices. At the 
cannery they will bring $318.50 plus $25 for the poorer fruit, thus 
giving an income of $343.50 from fruit. The income from slips and 
suckers is almost too variable to approximate. The average from 
reports from a large number of growers shows four slips, two suck- 
ers, and one-half rattoon to each plant. The slips are usually sal- 
able at $10 to $15 per thousand, but this is not to be counted upon. 
It is probable that in a year or two more only first-class slips can be 
sold at all and these at only $5 to $8 per thousand, but even at these 



38 

prices the income will be a valuable factor, for, counting three slips 
to the plant, 9,000 plants should give 27,000 slips, which at even $5 
per thousand would mean $135. Adding this to our fruit returns 
we háve a very safe estimate of $478.50 as returns the first year, 
leaving a profit of $175 to $225 per acre. This should be greater 
the second and third years, for there will be no new slips to buy and 
no bedding. Cultivation and fertilizers will cost a little more, but 
the total expense incurred the second and third years should be 
from one-fourth to one-half less than fór the first crop. 

As said elsewhere, it is not certain as yet under our conditions 
how long a pine field may be continued, but it is possible that three 
to four years will be the limit. Every fourth year the expense of 
preparation, bedding, and planting will recur, but the chief item, 
that of slips, should still be eliminated, as, once established, a plant- 
ing should furnish more than the amount of slips needed to con- 
tinue it. 

In conclusion, then, we are probably justified in saying that under 
normál conditions a pineapple plantation is not merely a good prop- 
osition, but ranks among the very best paying of the agricultural 
industries of the island. Given the right manager and the proper 
soil, success can reasonably be expected. 

DISEASSS AND INSECTS. 

With a soil properly drained and with good culture, few plants 
are as free from pests and diseases as the pineapple. It is almost 
axiomatic that trouble with pineapples means baď management. The 
troubles thus far known are chiefly due to one of three things : First, 
an ant and its associate, a mealy-bug; second, wilt; and third, spike. 

The station has published a circular on the ant and mealy-bug, 
with methods for extermination (Circ. No. 7), which may be had 
on application, so the subject will not be discussed here. It may be 
said in passing that if in applying fertilizer it is mixed with one- 
third to one-fourth of its bulk of tobacco dust, or even if tobacco dust 
alone is thrown in the crown, it will usually prevent the appearance 
of these pests and will ofttimes cure incipient attacks. The tobacco 
dust also acts as a fertilizer and as a stimulant to the plant, making 
it a valuable help to the pineapple grower. In using the dust its 
value lies in its freshness and strength. It will keep for long periods 
where it is dry, but leaches quite readily and ferments if allowed to 
get wet. 

WILT. 

The disease known as wilt is quite easily recognized, and if taken 
in time may be controlled. Apparently it is transmitted from one 
generation to the next, so slips from infected plants should nevěr be 
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chosen. According to the best information obtainable, the disease is 
a fungus one, but it acts in a way not clearly understood, and should 
be met with extréme measures at its first appearance. 

CharacterÍ8tic8. — Usually the first sign of the disease is a loss of 
color, the leaves changing f rom green to red, then yellow, and finally 
brown and withering. The withering begins at the tip as a rule, and 
as it passes down the leaf loses its stifřness and drops, producing the 
wilted appearance which gives the disease its name. If the attack 
is not too severe the plant may produce a fruit, but it is usually of 
poor quality and ripens prematurely. 

On cutting off the plant at the base the roots can be traced as dark 
brown or black points in the stem tissue. A more c^reful examina- 
tion shows the whole root systém to be diseased. Under the micro- 
scope the root hairs are seen to be abnormally developed, and in the 
diseased parts the fungus threads can often be found, showing that 
the disease enters from the soil. 

Cause. — It is often impossible to telí just how the trouble starts, 
as it may break out simultaneously in widely separated places. It 
can probably exist in the soil under some conditions for long periods, 
and it may be carried from plant to plant by ants and other insects. 
Its presence is usually due to f aulty soil conditions, though Australian 
investigators claim that it also occurs where a field is cropped too 
long, and by adhering to one source for supply of plants, as well as 
poor cultivation and fertilization. They claim that plants grown 
under different conditions should replace the old ones every few 
years. In Porto Kico fields háve not been running long enough to 
test these points under our conditions, and the spread of the disease 
here is probably due to improper soils or faulty cultural methods. 

Remedies. — The first precaution to be taken is one of prevention. 
Nevěr plant a slip that could possibly be already diseased. Second, 
if the disease should appear, pull out all plants affected, burn them 
on the spot, or cover with quicklime; also cover the soil with lime 
and leave exposed to the sun for a few weeks, stirring it from time 
to time. Af ter a month or six weeks strong, healthy plants may be 
reset in the vacant places. Third, keep the plants growing vigopously 
and the soil in the best possible physical condition. 

8PIKE OR LONG LEAF. 

Characterisťics. — Any tendency to spike is quickly evidenced by the 
leaves becoming long and slender. As the disease progresses, the 
plant becomes more and more like a bundle of rod-like leaves. In 
the finál stages the centrál leaves of the plant do not unfold, and 
thus in their long spikelike form give the name to the disease. A 
plant at all badly affected rarely produces any fruit ; if any is f ormed 
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it is small and practically valueless. Plants that are but slightly 
affected produce very poor, small-sized fruits. 

Cause. — In most cases spike is apparently induced by improper 
fertilizing. Acid phosphate in the fertilizer is one of the most 
common causes. Wood ashes and any poorly proportioned minerál 
fertilizer will cause it. 

This disease is apparently readily transmitted, and suckers or slips 
from diseásed parents should nevěr be planted. Experiments háve 
shown that fully 70 to 80 per cent of slips from špiky parent plants 
failed to produce marketable fruits. 

Remedies. — First, nevěr plant a slip that is in the least affected 
with the disease. 

Second, for nitrogen and phosphorus fertilizers use tankage, dried 
blood, bone meal, or other organic forms. If necessary to use acid 
phosphate, give a good application of lime, 300 to 500 pounds per 
acre, shortly afterwards. Thomas or basic slag may serve as a source 
of phosphate, though results from it thus far are not definite. 

Third. Cultivate well and often, keeping the soil in the best pos- 
sible physical condition and plants growing vigorously. 

Aside from the above diseases there are several that appear localJy. 
but thus far they háve not proved dangerous. Their exact nature has 
not been fully determined, but they are being thoroughly investigated 
by the station pathologist. 

LEAF SPOT. 

The first of these local diseases of the pineapple, which we may 
call "leaf spot," has occurred quite frequently in many plantations, but 
only once has it threatened serious damage. It is a leaf disease char- 
acterized in the first stages by small brownish spots usually not 
more than one-eighth to one-fourth inch in diameter. They are 
regular in outline, but not of definite form. These spots rapidly 
increase in size, and as they spread the center loses all color as well 
as turgidity of the cells and becomes like straw-colored parchment. 
This colorless part is surrounded by a more or less clearly defined zone 
of the brownish color, indicating the spread of the disease. In its 
spread the spots usually enlarge faster along the leaf veins, thus 
assuming a long oval shape. In many cases the edge of the leaf is 
affected, but any part may be attacked. In time the leaf succumbs 
and dies. 

Cause. — The disease is not fully worked out, but its spread and 
development is undoubtedly aided by atmospheric conditions. Dur- 
ing rainy periods, especially where drainage conditions are not the 
best, the development of the disease is quite rapid, but is checked by 
dry weather and culture. 
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Remedy. — Culture and fertilizing háve been the most efficacious 
means of checking it. Plants kept growing thriftily do not feel 
its effects and soon grow out of it. 

SUN SCALD. 

Sun scald is not strictly a disease, but is common and causes so 
much loss that it is well to consider it here. It is caused by the 
bending over of the plant so that one side of the fruit is exposed to 
the direct sun rays. Through moisture adhering to the fruit the 
action of the sun's rays produces premature ripening and scalding at 
this spot. Kot soon develops in this scalded part and the fruit is 
lost. This can be largely prevented by sending boys through the 
patch every week to put a small handful of dried grass upon every 
fruit that has fallen over. 

TANGLEBOOT. 

Tangleroot is characterized by the roots winding round and round 
the stem instead of passing out into the surrounding ground. (See 
PÍ. VI, fig. 2.) 

Cause. — It is caused chiefly, if not entirely, by one of two things : 
Hard soil, oř the slip not having been stripped before planting. In 
our heavier clay soils the ground will often be allowed to become 
hard. As the young roots are tender and háve not much penetrating 
power, they will foflow the line of least resistance. The earth irame- 
diately about the stalk is less likely to be hard than that a little dis- 
tance away ; hence the roots f ollow around the stalk. Again, if the 
slip is not stripped before planting and the weather and soil condi- 
tions are such that the old leaves do not decay, the young developing 
roots must find their way out between the leaf and the stem, taking a 
circular direction, which results in tangleroot. 

Remedy. — The cure is simple ; keep the ground in good cultivation, 
and if conditions are not very favorable when planting strip the 
plants. 

BLACKHEART. 

The disease called " blackheart " has not yet been reported. It is 
due, apparently, to poor soil conditions and lack of proper food. It 
is characterized by the rotting of the heart of the pine before any 
sign of affection is shown on the outside. Any puncture or injury of 
the fruit will admit some of the many fungus spores that will pro- 
duce rot. This will spread to the center, but it must not,be confused 
with blackheart. 

Remedy. — The cure, as far as known, is better culture and ferti- 
lizers. Phosphates and potash are usually the elements needed, es- 
pecially the latter. Excess of nitrogen will produce soft fruits that 
easily succumb to all such troubles. 
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cojrcLusiON. 

From all that has been said it will be seen that there is at present no 
reason why anyone should hesitate to plant pineapples if he is will- 
ing to také care of them. But if care is not given them, and if any 
of the above diseases and pests are allowed to increase, then the planta- 
tion becomes a menace to the neighborhood. 

Again, if heterogeneous importations are made in the fnture as 
they háve been in the past, it is almost certain that sooner oř láteř 
some of the other diseases to which the plant is subject will be intro- 
duced and much injury doně to the industry. Only absolutely guar- 
anteed healthy plants from clean plantations should be allowed to be 
brought in. In no other line are the laws of the island so important 
and at the samé time so necessary as in the way of controlling and in- 
specting the importation of plants. The pineapple growers should see 
that the inspection laws protéct them from careless plant importers. 
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SUGAR CANE IN PORTO RICO. 



INTRODOCTION. 

Sugar, one of the principál commercial products o( the worid, is obtain- 
ed practically from two sources, the sugar cane and the sugar beet. For a 
long time it was largely obtained from the sugar cane, but later, because of 
certain economic and political reasons, the sugar beet became qirite a (actor 
in the production of sugar, in time even surpassing in amount the production 
of the sugar cane. While sugar can be produced more economically (rom 
the sugar cane, yet the sugar beet has for various causes held the position 
for a number of years of exceeding it in total yield of sugar* This has been 
for two reasons, first* because of certain tariffs and bounties favoring it 
and, second, because of the scienúfic breeding and care employed in 
cultivating and manuf acturing beet root sugar. 

Sugar produced from cane has been so long ušed that its beginning is 
not cleany known. It was doubdess obtained very early in the history 
of mankind and its use widely diffused. Even to-day a great deal of cane 
sugar is produced in obscure quarters of the globe by very primitive means 
and is consumed locaUy, the statistics not reaching tne chronicles of trade. 

The sugar cane belongs to the grass family and is only one of the 
many varieties of grasses that enter into the wělf are of the human racc. 
"All flesh js grass,** said the prophet, and truly when we consider the 
intimate role this family of plants plays in providing sustenance to animal 
life. Of the many grasses, as malojilla, guinea, maize, and cane, that 
enter so largely into the prosperity of Porto Rico, the latter is by far the 
most important, maláng up n^ore than two-thirds of the total exports, 
reaching an aggiecrate of eighteen millions of dollars annually. A study, 
theref ore, of tne plant togeuier with its best and most economical produc- 
tion may not be amiss at this time, for any betterment in this cf op touches 
the veiy foundation of the prosperity of Porto Rico. In such a treatisc 

(7) 
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the object is not only to show the findings in the experiments made with 
cane in Porto Rico, but to combine and draw lessons from the results ob* 
tained in other cane-growing countries. 

The sugar cane does not differ essentially from other well-known 
grasses. By keeping this fact in mind we can better understand by 
methods of comparison many facts connected with its growth. The 
essential part of the sugar cane is the stalk that is developed with the growth 
of the plant. This consists in the mature cane of the stem from the 
surf ace of the ground to the bunch of leaves forming the head. It is made 
up of joints of varying widths composed of a hard shell inclosing a pith 
carrying the sweet juice. Considering the sizé of the ' cane plant the root 
systém is not extensive. This varies, however, with the physical and 
chemical character of the soil. In a hard compact soil the roots do not 
travel far. In an open porous soil the main portion of the root systém is 
in a rather preseribed area, but small roots and their filaments reach out 
some distance. The extent* of the řóbt systém is also affected by the 
fertility and the moisture content of the soil. In a poor soil the roots go 
farther in search of plant food. This is also the čase whén moisture is 
lacking. In time of drought the cane sends its roots very far ih'séarch of 
water; then when the season becomes more favorable the ptant véry 
quickly recovers, its extensive root systém giving it a wide feedmg sutfacé. 
Reccvery frorti drought is therefore often noticěd as being véřy rapid. 
In very rich sjil the plant is often so abundant that the rootš do no extend 
far enough to support its growth and in that cfcse it sometinies topples 
over, espécially when freqúent rains softén fhé surrouhding soil". ' 

Sugar cane has from the beginning been propagátéd by euttirigs. 
There exists the tendericy under such methods of the plant ruríhing out. 
When the cane is propagated by seeds, wHich' iš the nátúral way, we 
should expect a gréař improvement. Harrison and Bovell began á number 
of years ago in Barbados (a) to grow new varieties of cane* from thě mi- 
nuté seed íound in the arrows. This work has beeh exténded ánd very 
valuable results ha\"e been áttaiňed. AIready the seedling canes are 
rapidly supplanting the óld vaťieties in the Wesť Indies ahď it will bě 
only a matter of a fewyears until the latter* tíré ětítirely goně. . While 
most of the seedlings are inféřior to' the kindš "usuálljr 'gťowň yeť wě can 
expect to get a few of excéptiorial • merit dut óf évery thousand grown. 
Great improvement has beeň brought about in this waíy with otheř plants 
přoduced from cuttirtgs, notably the potato. We may expect equally 
favorable results with cane. While thé phenomenal cane has not yet 
been obtained by growing new varieties of cane from seed, yet we may 
surely expect it from the results already attained. 



(a) Roy. .Bot. Gard. Kcw. Bul. Miíc. Inform., 1888, No. 24, p. 294; Imp... Dept 
Agr. West Indie*, Rpt. Agr. and Bot. Depts. Barbado*. 1898-1907, with Rcvicw of Sugw-C«* 
Expts. síňce 1884. . , 
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VARIETIES OF CANF. 

Cane, like other plants propagated from cuttings, varíes much in differ- 
ent soils and climates. Tracing the origin and history therefore of any 
particular variety is very difficult. A variety taken from one island of the 
West Indies to another sometimes loses its identity and becomes known 
after a time under an entirely new name. 

The three most common varieties now grown in Porto Rico are the 
Cristalina, the Otaheite or White, and the Rayada or Striped. One variety 
will prove best in one locality and prevail, while in other sections another 
will do best. Again it is often found advisable to change the variety on a 
certain piece of land. It appears that not only does the rotation of the crop 
prove advisable but that often a change in the variety will prove of ad vantage. 

Two lesser known varieties in Porto Rico are the Penang and Con- 
vangerie or French cane. The former grows well on very heavy wet lands 
and the latter is very free from disease. The French cane is said to háve 
been introduced from Mauritius during a time in the seventies when disease 
was rampant. Neither of these two canes is in the first class as a sugar prc- 
ducer. 

The experiment station and the Guanica Centrále are growing new 
varieties of cane from seed. Several thousand of these háve already been 
produced, but not sufticient time has elapsed to thoroughly test them as sugar 

Eroducers. In the meantime a number of seedling canes produced and tested 
y the British stations háve been under trial. A few comments on them 
will doubtless prove interesting. These canes are numbered, those with the 
letter B preceding were produced in Barbados, those with the letter D in 
Demerara, and those with T in Trinidad. A great many cuttings from 
these canes háve been sent to planters in different sections of Porto Rico 
and háve been very favorably received. In generál they háve proven 
superior to the old varieties not only in showing increased sugar production 
but in hardiness and freedom from disease. The laboratory tests while of 
course inconclusive háve shown a fair average increase in sucrose over the 
old varieties. Some milí tests made by the Guanica Centrále also show up 
very favorably for the seedling canes. 

At the experiment station the following varieties háve given excellent 
results:D95, Dl 17, B347, and B 1355. As resistant to drought T77, 
Dl 1 7, B347, and B3289 háve doně well on the south side of the island. 
At the Central San Gristobal on the east end of the island the preliminary 
test of seedling canes has been very satisfactory, and so far as tested, they 
are ranked as follows: T77, B3289, B347, Dl 1 7, and D95. In Louisiana, 
D74.is highly considered. In Porto Rico, however, while very sweet this 
cane does not grow large, as it ripens early. It is well suited to a short 
growing season like that in Louisiana. The Guanica Centrále on the south 
side of Porto Rico has several hundred acres of seedling canes growing. 
The following results obtained there are of interest and value. 



to 

In this cHstrict, canes were planted October 1, 1907, by 2 by 5%fod, 
and harvested December 22 and 23, 1 906. AU varieties were fertilized, 
irrigated, and cultivated alike. 

Comparative test of cane it fioinica Centrále. 
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VARIETY 

Otaheite (a) 

T77 

D1I7 

D95 

B1753 

Cristalina (b) 

D74 

W. Bamboo 
Tibboo Merd 




(a) Conbol Plot. Altacked by fungus disease (Marasmius sacchari). 

(b) Siighdy attacked by fungus diseate (Marasmius sacchari). 



At Hacienda Monserrate the following varieties of canes were planted 
September 25, 1 907, and harvested December 29, 1 908. AU varieties 
were fertilized and cultivated alike. 

Conparative test of varieties of cane at Hacienda Monserrate. 
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Tibboo Merd 


52.51 


16.1 


14.2 


88.2 


1.72 


12.1! 


11.3 i 





In Louisiana splendid results háve been obtained by the introduction of 
D74 and D95, two Demerara seedlings. Louisiana Station BuUetin 78 
gives the history of these seedling canes, and the results of tests conducted 
from 1 894 to 1 903 are reported. In every instance the two seedlings were 
lower in glucose con f ent than the home canes. A low glucose content is of 
great advantage in working the juice. D74 gave especially favorable results 
^n this respect The average analysis showed that this seedling contained 
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1 .8 per cent more sucrose and D95 0.9 per cent more than thehome canes. 
D74 yielded 5.68 tons of cane more per acre than the two natíve varieties, 
while D95 was about equal to them in cane production. The financial 
results are based on a value of 4 cents per pound (or yellow clarífied sugar, 
giving half to the producer of the cane and half to the manufacturer of the 
sugar. On this basis the cťop of plant-canes and first year's ratoons of 
D74 gave anaverage increase of $39.70 per acre and D95 of $21.81 
over the home canes. With the plant-canes of the first, second, and thírd 
ratoons the figures were $26.28 and $28.14 per acre, respectively. The 
results obtained in the milí showed a marked superiority of D74 over the 
three other canes, although D95 gave better returns than the two native 
SDrts. In total extraction D74 showed an increase of 7.87 per cent, or 
nearly 1 1 per cent in the juice over the home canes. A summary of the 
results gives an increase of 2.34 per cent in extraction, and of 40.7 pounds 
of sugar per ton of cane ground in f avor of the seedling canes. Cooperative 
tests made by 27planters throughout the State confirmed the results obtained 
by the station. D74 is more vigorous, a more rapid grower, gives a larger 
tonnage, is an erect cane, and on this account is believed to be more econo- 
mical in harvesting, stubbles well if not better than home cane, gives a larger 
extraction, and has a larger sugar content, yielding more sugar per ton and 
giving a greater tonnage per acre than home canes. The samé remarks in 
a lesser degree apply to D95. 

At thé Hawaiian Sugar Planters' Station in 1 906 (a) 5,232 seedling 
canes were grown. Of 279 raised from West Indián seed imported in 
1904, 37 háve been sufficiently promising to merit speciál testing on the 
station grounds. Test of varieties in 1 903 (b) shows D 11 7 at head of list 
with 333,670 lbs. cane, yielding 43,010 Ibs. sugar per acre. 

J. P. D'Albuquerque and J. R. Bovell report in Barbados in 1 906 (c) 
that Ď95 gave 9,2 1 6 pounds of sugar per acre as compared with 6,876 
pounds for White Transparent, the variety formerly grown. This difference 
in Barbados represcnts a value of $24.34 per acre. Sugar in the Engtish 
colonies is much lower than in Porto Rico. Such a difference here 
would be much greater. As plant-canes and ratoons on red soils 
in Barbados, Bl 566 gave a yield representing a gainof $47.30 over White 
Transparent. 

In the Jamaica report for 1 905 (d) the seedling cane B208 gave the 
best results. 

J. B. Harrison in the Demerara report for 1 905 (e) says that on one 
estate seedling varieties of cane gave a yield of 7 per cent and on another 



(a) Hawaiian Sugar Planters* Sta. Rpt. 1906, p. 27. 

(b) Hawaiian Sugar Planters' Sta. Rpt. 1903, p. 24. 

(c) Rpt. Agr. Work Barbados, Imp. Dept. Agr. West Indics, 1904-1906, pt. 3, p. 2. 

(d) Rpt. Jamaica Sugar Exp. Ste. 1905, p. 59. 

(e) Report on Results of Experiment* with Varieties of Canes. Georgetown, Demerara: BcL Agr. 

1905. d. 6 
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30.7 per cent greater tha* Bourbon, the variety usually grown. 

At the Jáva Experiment Station in 1 907 (a) as a result of breeding 
seedling canes by means of crossing and chemical selection, it was found 
that canes highest in sugar grown from canes that were high in sugar were 
heavier than canes grown from others low in sugar. It was also found that 
more seedlings were obtained from plants high in sugar than from those low 
in sugar. The chances of obtaining seedlings high in sugar were three 
times as great when using parents of a high 'content than when using parents 
of a low content. 

In securing new varieties of cane the objects in víew are to secure 
varíeties that will give a greater tonnage per acre and thereby an increase 
in yield of sugar; the breeding of varieties that will give a higher percentage 
of sucrose in the juice with a decrease in the impurities; and to secure canes 
that are hardy and less liable to the attacks of fungus diseases and insecls. 
The following are the good points of cane: Early growth; hardiness and 
ability to withstand drought; immunity to fungus diseases; heavy tonnage per 
acre; sweetness of juice; ratooning capacity; ease of extraction of the juice; 
purity of the juice; low percentage of glucose and non sugars. 

CANE SOILS. 

The classes of soils in Porto Rico are described in a pfevious bulletin 
of this station, (b) As a rule cane soils are largely made up of a 
heavy clay and vary in color from red to black. It is usual to plant low 
lands most of which border the coast, not because the soil in itselí is better 
adapted to cane but on account of the moisture content. Cane requires a 
large supply of water for its best development and this should not only be 
ample but constant. (c) 

With the present price of sugar there is a tendency to extend the plant* 
ing of cane on tne higher lands in those sections of Porto Rico having a 
heavy rainfall. In good seasons such plantings are proving profitable. 

* 

DRAINAGE. 
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The valúfe and importance of drainage of cane lands in Porto Rico are 
well known and established. In fact, so generally is this practice followe<J 
that in many instances it is carríed out when unnecessary. Often lands thfi 
are elevated and sloping háve drains cut through them similar to low lands, 
with the result that much labor is wasted. 

(a) Méded. Proefsta. Oost-Java, 4. ser., 1907, No. 29, pp. 137-143. 

(b) Porto Rico Sta. Bul. 3. 

(c) The Hawaiian Sugar Planten 1 Station Report for 1903 states that k took from 164 to 277 
gallona of water to produce one pound of sugar. At the West Jáva Station (Veralag. Proefs- 
tat Suikerriet, West Jáva, 1902, p. 92) it was found that the cane plant ušed 5 liter* of walef 
oer day. Z. Kamerfing at the samé station (Meded. Proefstat. Suikeniet West Jáva, 1905, 
No. 87, p. 4) made some studies of the amount of water evaporated by the cane plant. Tbe 
average results with 9 different plants 5 months old showed an evaporation of I % Uteri of 
watei per day. The amount evaporated depends upon the distribution of the roots, the physksl 

- J- of the soil, soil moisture. leaf surfacr. temnerstur* *nA «ml«k» 
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The systém of drainage in Porto Rico is primitive, but of the kind it 
is exceedingly well doně. ít consists in cutting surface ditches to carry off 
the excess of water, leaving the cane in beds. These drains are made with 
a great deal of precision and sldll. This systém, however, is antiquated and 
expensive, for not only must these drains be cut whenever the land is plant- 
ed, but they must be kept clean throughout the year. 

For whatever crop is to be growa on many of these cane lands in the 
future drainage will be found necessary. Agriculture has now reached a 
stage in Porto Rico demanding a permanent drainage of the soils wherever 
it is needed. There is only one systém, therefore, that is applicable in this 
čase and that is tile drains placed beneath the surface. (a) That this systém 
is a success, has been proven for many years and in the various countries of 
the world. The first cost is the serious aspect of the čase, but when they 
are once laid the work is doně and they will continue in operation for an 
indefinite period, if properly placed. 

The first problém confronting the experiment station when it was locat- 

, ed was the drainage of the low lands which were, as is usual, the best on 

the estate. Looking into the matter of tile it was found too expensive to 

bring them from the States not only because of the high freight but the 

breakage that would surely occur. It seemed advisable to make them on 

the farm. For this purpose a machine was purchased, costing $300.00. 

I This made tile from 3 to 7 inches in diameter and was operated by mules. 

It has proven very efficient, and not only háve low lands of the station farm 

been drained but a great many tile sold to planters who are realizing the 

í value of this systém on their cane lands. Three inch tubes one foot long 

t can be made on this machine at the rate of 3,000 per day, and 4, 5, 6, and 

i 7 inch tile at the rate of 1 ,500 per day. The principál cost in making the 

tile has been in the burning, wood being scarce and expensive. Counting the 

J cost of the machine and all labor, the drainage of the station lands, consist- 

I ing of about 48 acres, has cost $50.00 per acre. The advantages that háve 

accrued are these: The expensive surface drains required every year are 

unnecessary; the land is in better tilth and it can be worked sooner after 

rains. Further advantages which háve been proven by careful experíments 

are that lands tile drained withstand drought better because of the fact that 

they are made more open and moisture can come up from below. 

These drains háve been in operation for five years and in that time 
háve given no trouble except the necessity of an occacional cleaning of the 
1 mouth. In only two instances háve tile broken in the lineš and had to be 
replaced, occasioning only a few hours work. When a tile breaks the land 
falls in, making a hole, readily indicating the damage, which can be easily 
repaired. 

The absence of surface drains permits the whole area to be cultivated 
and with greater ease. 
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PREPARATION. 

The cane lands of Porto Rico háve been cultivated for many years. ln 
all that time the plowing has only skimmed the surface. The culturai superin- 
tendent of one of our large centrals made the statement that in all theii 
operations nothing had given them greater returns on the investment than 
steam plowing the lands to a good depth. All can not secure steam plow- 
ing, but better plowing than is usually the čase can be doně. A subsoil 
plow following the breaking plow in the samé furrow can do much gooA 
Not only does plowing prepare the land but it lets the air in, which is 
important. 

The ordinary mold board plow has given best results on the heavy 
clay lands of the station. The disk plow has not proven effective, especially 
as the lands are usually covered w T ith grass. 

The well tested plows and cultivators are as a rule best. The averagc 
planter can not afford to risk money in trying out new implements. All tools 
ušed in cane cultivation should be strong and well made. The implements 
ušed in the cultivation of corn in the North are as a rule not strong enougt 
for cane. 

In breaking ground for cane it appears under present economic coni- 
tions in Porto Rico that cattle can be employed more cheaply than mule?, 
for two reasons: First, because cattle live on the coarse grasses of the counby 
and can therefore be maintained at less expense, and second, because of 
their ability to withstand rough treatment. The laborers of the counby are 
ušed to cattle while the use of mules is new to them and the latter will not 
thrive on the rough treatment given to work animals in the field. On the other 
hand, mules háve an advantage in cultivating cane. One man can handle 
one mule with plow while with an ox two are required, one to lead the 
animal and one to hold the implement. In any čase the main point isin the 
care of the animals. A planter using mules must be prepared to give them 
good treatment and some grain feed. Some losses háve occurred with mules 
from glanders and with cattle from anthrax. Both diseases canbeprevented. 

After the cane is growing frequent cultivation is advisable. This is 
especially so to destroy weeds and grass and in dry weather to conserve 
moisture by keeping a.dust mulch on the surface. The successful methods 
worked out in corn growing can in most cases be applied to cane, whicn 
belongs to the samé family. 

PLANTING. 

TREATMENT OF SEED. 

Too little importance is given in Porto Rico to seed selection in plant- 
mg. Old run out fields are very often ušed as scurces of seed for planting. 
Uke begets like is a world wide truth and it is foliy to expect inferior cul- 

best results. While it is a fact that a cuttinc is more aptto 



I 

5 

\t 

i 
.1 



i 



[■ 



t 

f 

i 

i 



15 

come true than a seed yet the plant in the former čase has a better chance 
when propagated from a strong vigorous cutting. 

The top joint has been found by trial at the Louisiana Station and at 
the British Station in Guiana to be best for planting. This is borne out by 
our experience in Porto Rico. Moreover, it is a part oř the cane not ground 
and is therěfore less expensive as seed. 

All cane seed should be treated before planting. Excellent results 
háve been obtained at this station by soaking the seed 24 hours in lime 
water. The seed is put in a tank, water run in and a few shovelfuls of lime 
thrown on. By comparison in the field such canes háve germinated more 
readily and háve been freer from disease. 

All imported canes háve been treated with Bordeaux mixture to avoid 
the introduction of disease from other countries. This should be practised 
in all cases in Porto Rico with all canes. The germination can be greatly 
improved and disease checked. The cost of such treatment is small while 
the benefits to be derived are great. (a) 



* METHOD OF PLANTING. 



It is the usual custom in Porto Rico to plant cane in holes cut with 
spades. As our labor is annually becoming scarcer and wages increasing it 
will be necessary to employ some method with machinery to lessen the cost 
of the present method. Moreover, it appears that more efficient methods 
can be found not only lessening the cost but increasing the yields. Furrows 
laid open with the plow are made at a lower cost than holes dug by hand 
labor. 

An experiment was made at this station comparing the hole with the 
furrow method. In the first plat three seed were planted in holes 7 1 /2 feet 
apart; in the second an equal amount of seed were planted 2Vl feet apart 
in furrows; in the third plat the seed were planted in a continuous row hori- 
zontally and wholly covered. The yields of cane per acre were as follows: 

TONS. 

In holes 36.6. 

In furrows, seed on end 49.8. 

In furrows, continuous row, covered 54. 1 . 

The canes planted in continuous rows and covered were damaged some- 
what by changas, so that it was necessary to replant some few spots. 

At Central Aguirre a senes of experiments were carried on to deter- 
mine, first, the difference betwen Cristalina and Otaheite cane, second, a 
comparison of the Porto Rican and Hawaiian methods of planting, and third, 
the influence of certain kinds and amounts of fertilizers. Two and joo acres 
of land were ušed in these experiments. The Otaheite cane gave a yield 
at the rate of 49.76 tons per acre and Cristalina 60.56 tons, when planted 



. 



(a) Direclioni for making Bordeaux mixture can be found m Porto Rico Sta. Bul. 7. 
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in the Porto Rican style, that is, putting the seed in holes. By the Hawaiian 
systém in continuous furrows the Otaheite cane gave 50.36 tons per acre and 
the Cristaiina 7 1 .48 tons. This is a difference in favor of the Hawaiian 
systém of f oř a ton per acre with the white cane and 1 0.92 tons with the 
Cristaiina cane. Estimating the amount of sugar produced from the samples 
analyzed the Hawaiian systém gave 406 pounds more of sugar per acre 
with the Otaheite cane and 407 pounds more with the Cristaiina cane. The 
cost of planting in the two cases is not given. 

At the Burdwan Experimental Farm in India in 1 902 (a) a comparison 
was made between furrow planting and trench planting. The former gave 
24.5 tons of cane per acre and the latter 3 1 tons. 

From the experience of various planters which is leadingalreadytothe 
change in methods it seems more profitable to substitute furrow for hole 
planting of cane in Porto Rico. The depth of the furrow depends upoo 
rainfall. On the irrigated sections or where the lands are tile drained deep 
f urrows or trenches promise the best results. These \vill not only keep the 
roots of the cane nearer a regular supply of water but will conserve watef 
in irrígating. In regions of heavy rainfall and were the drainage is not of 
the best too deep furrows are inadvisable as they might duríng protracíw 
wet spells hold water until the cane is dro w ned out. 

DISTANCE OF PLANTING. 

In distance of planting cane the prime object is to obtain the greatest 
amount in a given area and with least cost. A series of experiments were 
carried out with a total of 8 1 plats of 2 o of an acre each for the purpose of 
determining the amounts of cane produced w hen planted 10 by 1 feet, 
V/2 by 7 V2 feet and 5 by 5 feet. These plantings were made in series of 
three plats each adjoining each other. The preparation was the samein 
each čase and the cultivation similar as far as the nature of the planting 
would permit. The wide planting necessarily permitted of longer cultivation 
than the narrow planting, not only w ith plows but also with hoes. In esti- 
mating the results it should be borne in mind that the wider the planting the 
greater the expense necessary in bringing the crop to maturity. This is by 
reason of the fact that grass and weeds grow longer in wider plantings than 
in the narrow ones where the ground is sooner shaded. The following tables 
show the results for two years. Each instance represents the average amount 
of cane grown on 27 plats: 



(a) Ann. Rpt. Bunjwan E*pt. Farm (India), 1901-2. p. 9. 



I. 9, Porto Rico Agr. Expt. Stabon. 



FIG. 1.-CREEN MANURING EXPER1MENTS. SWORD BEANS. 
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Comparison of distasees in plintiitg cane. 



Distance 



Feet. 



Plant cane 
Do 
Do 

Ratoon cane 

Do 
Do 

Total for 2 years 

Do 
Do 



10 by 10 

V/i by 7i/2 
5 by 5 



Yield 
per acre. 

Totu. 

32.4 
37.0 
40.7 



10 by 10 * 26.0 

V/ 2 by 7'/ 2 30.9 

5 by 5 \ 33.3 

10 by 10 I 58.4 

7»/2 by 7'/ 2 \ 67.9 

5 by 5 ; 74.0 



It will be scén that in every instance the narrow planting gave the 
largestyield not only for the plant cane but the ratoons. 

The folie w ng table shows the results cf closeand wide planting where 
different amounts of fertilizers were applied: 

Efffect of fertilizers on yieW of cane. 

Yield of cane planted at dUtancei of 



..••-«* ..,.....*_.. ,*•>•-•- ._*■..„■■ ■■— • • -•--•-*.-—«• • ........«••.. 


v 








* 

10 by 10 feet. 

1 


V/ 2 by V/ 2 feet. 


5 by 5 feet 




Poundi. 


Poundi 


Pona<!s. 


Heavy fertilizalicn: 
Plant 
Ratoon .... 


33,230 
19,750 


39,580 
28,050 


46,025 
33,765 

* 


Medium fertilization: 
Plant 
Ratoon .... 


9 

30,475 
24,260 


m 

32,145 
30,225 


36,875 
33,580 


Light fertilization: 
Plant ... 


t 

23,775 


28,225 


26,990 


No fertilization: 

Ratoon .... 


26.230 


; 25,120 


22,520 
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The cane plant has a comparatívely smaU root systém (or the heavy 
grovvth above ground. The roots are very much in a bunch below the 
plant and provided there is abundant plant food present the roots do not 
extend very far. Our results show that close planting is morejprofitable not 
only in giving large yields of cane but economy in cultivation. The more the 
ground is shaded the less tendency there is for the grass and weeds to grow. 

The differences in the yield in wide and narrow planting are greater 
where heavy fertilization is practised. The more abundant the plant food 
in the soil the closer the cane should be planted. When the plant food is 
deficient the cane plant must háve a wider rance for its roots in order to 
obtain the elements necessary fór its growth. The results of 8 1 plats in this 
experiment indicate strongly that in Porto Rico in order to obtain the great- 
est profit we should plant close and fertilize heavily. 

At the Čuba Experiment Station a number of experíments were canied 
on by F. S. Earle (a) on distance of planting. The usual systém there is to 
plant in hills about 3 feet apart with a distanee of 44 to 5 íeet between the rows. 
The soil is prepared and cultivated the first season, but no further tillage is 
given. In the so called Zayas systém wider planting is folio wed, usually 9 by 
12 feet, and continuous cultivation is given throughout the year with moden 
implements. Stable manure is ušed but no commercial fertilizers are applied 
under this systém, and when harvesting all canes that are not rípe are allowed 
to remain for continued growth. The Zayas systém proved to be more costly 
and to give a smaller crop than the usual method of planting. Also, leaving 
the unripened canes proved unsatisfactory. Results obtained by cane plant- 
ers in other parts cf Čuba showed that the Zayas systém does not always 
give as good yields the first year as the usual systém. Some of this is due 
to injuries to the roots caused by continuous cultivation. 

At the Queensland Sugar Station (1905-6) (b) cane from rows plant- 
ed 4 feet apart gave 20 tons per acre more than cane from rows 7 feet 
apart. This difference was gradual between these two distances. The 
wider the rows apart the lower the yield. The cane from rows 4 feet 
apart gave 1 1 !/3 tons of sugar per acre, while the cane from the rows 7 feet 
apart gave 9 tons. 

IRRIGATION. 

In considering the question of growihg cane in Porto Rico there are 
two important features to be considered. One is the presence of too much 
water, and the other is the presence of too little. On the south side of the 
island the planter is confronted by the problém of too little water. Many 
of these soils are very fertile. Owingto lack of rain and irrigation not much 
of the fertility has been removed. The supply of water for these áreas 
therefore takés precedence over all other questions. Some of these lands 



(a) Etfac. Cent. Agron. Čuba Bul. 2. 1 

Ann. Rpt. Cfeeeniland Buř. Sugar ExpL Sta*.. 6 [1905-6], p. 38. 
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are alkaline and of the nature that require gypsum to counteract their nox- 

ióus influence. Water and draínage where possible would also very greatly 

help these lands. Fertilizers are not advisable in a great many instances 

owing to the fact that there is not enough moisture to enable the plants to 

absorb them. These conditions are quite different from those prevailing in 

the east, north artd west sides of the island. Here the matter oř drainage 

i assumes the greatest importance. The excess of water must be removed 

either by surface drains oř tile. At the experiment station at Mayaguez 

i the rainfall is usually ample but it some times occurs that irrígation especially 

í with young cane will give good results. In an experiment on one acre 

r irrigated during the dry months of spring the yield was 40.5 tons of cane 

f per acre while on another acre not irrigated the yield was 38 tons per acre. 

The appropriation by the legislature of three million dollars to establish 
t irrígation plants on the south side of the island will result in great good. The 

:. generál pian is to divcrt certain rivers for that purpose. Many private irríga- 

t tion enterprises are already in operation. The methods employed are 

; various. Water is raised by electric and gasoline pumps, by gas and wind 

[ mills, and by gravity through canals from rivers and brooks. From a month- 

i ly estimate of one of the large centrals the cost of irrígation water raised 

by electric pumps varied from 1 .2 censt to 2.5 cents per thousand gallons, by 
{i gasoline pumps from 1 cent to 2.1 cents per thousand gallons, gas mills 1.2 

5 cents per thousand gallons. The cost per acre for irrígation through the 

month varied from $2.10 to $6.05. 

I In the report from the Queensland Sugar Station ( 1 905-6) (a) it is 

\ stated that where canes are irrigated too much the purity of the juice is 

lowered, also that manures on irrigated and non-irrigated plats, while increas- 

ing the production of the cane, lowered the purity of the juice. There 

j were exceptions, however, and upon land very much exhausted the applica- 

, tion of mixed manures often improved the quality as well as the yield. 

' In irrígation experiments in Hawaii in 1 905, C. F. Eckart (b) found 

, that the different varieties of cane did best with different amounts of water. 

j In generál, the largest yields were obtained where the canes received from 

two to three inches of water per week. One inch of water per week pro- 

duced 1 34,491 pounds of cane per acre, two inches 160,395 pounds, and 

three inches 1 77,906 pounds. The generál average for two varieties and 

! two crops shows but a small difference in yields of cane between the plats 

receiving two and three inches per week, while the largest yields of sugar 

as a rule were obtained with the heaviest yields of cane in two instances. 

Owing to a lower percentage of sucrose in the juice plats giving the largest 

yields of cane did not produce the largest yields of sugar. The average 

results with plant and ratoon crops of one variety showed a distinct loss 

when three inches instead of two inches of water were ušed. The] results 



f 



i 



(a) Ann. Rpt. Queensland Bur. Sugar Expt. Sta., [1905-6], p. 29. 

(b) Hawiian Sugar Plantert* Sta., Div. Agr f and Chem. Bul. 14. 
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in generál showed the different water requiremenU oí two varieties and the 
necessity for more trials. 

FERTILIZATION. 

FERT1UZER REQU1REMENTS OF PORTO RICO SOILS. 

There is hardly a field in Porto Rico devoted to cane culture that will 
not be benefited by an application of fertilizer. On the other hand, fertil- 
izers may fail to gíve any result and agaín may occasion losses not only of 
the fertilizer itself but by decreasing the yield of cane. In agricultural practíce 
the most difficult thing to determine is the proper use of fertílizers on a 
given soil. In all the studies made on this subject no definite rules háve 
been formulated. The idea is po pul ar ly held that by making a chemical 
analysis of a soil we can telí what it needs in the way of fertílizers, but this 
is not so. The element* needed by a plant may be found in a soil and at 
the samé time be in such condition that the plant cannot secure them. They 
may be locked up in some chemical combination or else the physical condi- 
tion of the soil such that the plants cannot use the supplies present 
Before the growing crop can utilize the fertílizers applied as well as the 
elements present the soil must be in good phj&sical condition, that is, in a 
statě of tflth. Therefore, in any proper scneme of fertilizing cane we must 
go farther back and see to the physical condition of the field. 

It is the most difficult thing in scientific agrículture to advise a planter 
in regard to fertilizing his soil. With all knowledge available it is stiil an 
uncertain practice. Muc)i study of soil problems is necessary before we can 
ever get upon a definite basis for fertilizing. There are many fačtors to také 
into consideration and a great many points that influence the growth of 
plants to be worked out. During the last century a beginning only was 
made. It was found that of the fifteen or sixteen elements that enter into 
the composition of plants three as a rule are deficient in soils. These are nitro- 
gen, phosphorus and potash. Later researches háve sought to determine 
the relation of other elements to plant growth. It is well known that 
lime has much to do with the best plant production and also that the relation 
of this to other elements as magnesia influences the productivity of a soil. 

Of increasing importance is considered the physical condition of the 
soil. The improvement of the tilth has long been apparent as gready 
influencing the amount of the crop. Also it has been determined that the 
physical condition has much to do with the ability of the plant to utilize 
fertílizers which are applied. If a soil is in bad physical condition such as 
bemg compact and hard, it is evident that this must be improved before the 
plant can utilize any amount of fertilizer. Also the importance of drainage 
enters in, and under other conditions the proper application of iitigation i 
water. 

Every planter should make a study of his individua! soils. He should 
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devote himself to systematic experiments in increasing the yields of his crop 
A method for carrying this out has been explained in a former publica- 
tíon. (a) 

Porto Rico agriculturally speaking is an old settled country. The 
resources of the island háve been greatly exploited. Four hundreds years 
ago the Spaniards were taking out the gold and in doing this nearly wiped 
out the native population and so completely took all the gold that there is 
practically none produced at the present time. During the past 400 years 
almost as stringent efforts háve been made in extračting by means of conrinuous 
cropping, the nitrogen, phosphorus, and potash of the soils. When we také 
into consideration the amounts of these elements that háve been shipped out 
of the island in coffee alone some idea can be had of the need of our soils 
in regard to the fertilizing elements. The only wonder is that they are as 
productive to-day as they are. This is undoubtedly due to the wonderful 
natural štrength of the soils of Porto Rico. 

There are two generál conditions of Porto Rican soils to deal with before 
applying fertilizers; they are irrígation and drainage. In the dry sections 
deficient in rainfall, in the absence of rain for the growing crop irrígation 
must be practised. Otherwise the fertilizers will remain undissolved in the 
soil and not be available to the plants. Again in sections of heavy rainfall 
the soil is often water-logged and so compact that the plants cannot extend 
their roots and absorb the fertilizers that may be applied. On the south 
side of the island in the dry section on good land where cane has not been 
grown for many years, applications of fertilizers will probably not be profit- 
able for the first crop nor perhaps for the second or third. These soils, 
however, need treatment besides irrígation water. In some cases drainage 
is necessary in order to carry off certain noxious alkali salts, which otherwise 
would accumulate in the surface soil. In many places where the alkali is so 
strong that cane will not grow it is advisable to apply 500 to 1 ,000 pounds 
of unburnt gypsum per acre. This will counteract the alkali present and 
render these soils very fertile. Sometimes irrígation water contains alkali 
and it is necessary where this is applied that drainage be provided in order 
to again eliminate these salts from the soil. Where fertilizers háve been 
applied to such soils and no good crop of cane has resulted, owing to scarci- 
ty of water, it is not advisable to apply fertilizers again until a good crop 
has been secured, as the amounts formerly applied remain undissolved in the 
soil. In the heavy clay soils where the rainfall is ample it is again highly 
necessary to bring the land into a better tilth before adding large amounts 
of fertilizer. The practices necessary for this are cultívation and the applica- 
tion of burnt Ume. The cultivation of such soils should be doně during 
the dry periods so that the grass will be killed, the clods broken up and the 
soil aerated. The application of bumt lime will assist very materially in 
mellowing such lands and preparing them for the condition most conducive 

(a) Porto Rico Su. Qr. 6. 
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to the productíon of cane. On many lands of this nátuře in Porto Rico no 
results háve been obtained with the use of íertilizers. This is doubtless duc 
to: he fact that the soils are in such poor physical condition that the cane 
cannot utilize to the best advantage the fertilizer added. Before large 
amounts of money are spent on fertilizers these soils should first be brought 
into the best physical condition by better cultívation and liming. 

The sugar cane is a crop of heavy tpnnage. Moreover, with our 
modern systém of growing it the crop is, as a rule, shipped to the mills and 
with most planters none of it is returned to the land. It is very evident, 
therefore, that continual cane cropping will exhaust the soil of its fertility. 
Porto Rico is an old cane-growing country and nearly all the lands devoted 
to this crop háve been pretty well worked out. Under such conditions 
fertilizing must be practised in order to produce profitable crops of cane. 

Considering the amount of the growth of the cane plant above the 
ground its root systém is comparatively small. This is often proven by cane 
failing, the roots not being sufficiently extended to hold it upríght. By exam- 
ining a stool of cane it will be found that there is a large amount of roots 
within a very small area. This will give us some indication as to the běsí 
manner of applying fertilizers. The larger part of the fertilizers should k 
close to the plant. In other words, the hole or row application is best 
Moreover, it will be noticed that when the rain falls the water is caught by 
the leaves of the cane and carried down to the roots. It is better, therefoie, 
to háve the larger part of the fertilizer near the stalks where it will be reached 
by the water dissolved and carried down to the roots of the plant. 

In generál it may be said that all the cane soils of Porto Rico ^ ill yiew 
a profit on the application of fertilizer. The question that conf ronts us is 
to determine the kind and the amount of fertilizer to apply. This eacb 

Elanter must in a measure determine for himself, unless his nearby neighbour 
as found out the facts from fields very similar. On experiments carried 
out during three years at the experiment station it has been f airly demonstrated 
that our soils need the three elements of the fertilizer, námely, nitrogen, 
phosphorus, and potash, and are also benefited by an application of burflt 
lime. From študies of the cane on 90 plats the results were varying, as is 
always the čase in fertilizer experiments. Conclusions cannot be drawn 
from a few trials but from the average of many. Sometimes on plats ao- 
joining but treated under equal conditions and amounts of fertilizers appKed 
the results háve been reversed. From present knowledge of the subject of 
fertilization these cannot be explained. 

RESULTS OF FERTILIZER EXPERIMENTS IN PORTO RICO. 

It will not be attempted to give in detail the results of our experiments 

during three years with 90 plats. The following table will show the per- 

centages of inerease with the different kinds of fertilizer. Marking the yw 

1 the check plats as 1 00 the yields of those to which nitrogen, phophoM 
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and potash were added, singly and in combination, are shown with the 
amounts greater than 1 00. Each single experiment was repeated tvventy 
times, so that the average would become more exačt. 



Percentage increase due to fertilizers. 



Plat No. I 



FERTILIZER 



Plant cane Ratooncane 



Total 



1 

2 
3 
4 
5 
6 
7 
8 



Per cent. 

Nořertilizer 100.00 

Nitrogen 112.51 

Phosphorus 108.07 

Potash 110.31 

Nitrogen and phosphorus 1 1 7.1 

Nitrogen and potash ' II 5.98 

Phosphorus and potash 1 08.0 1 

itrogen, phosphorus, and potash . 105.33 



Per cent. 

100.00 
110.79 
111.70 
118.99 
1 1 9.56 
1 23.74 
1 1 9.65 
1 24.29 



Per cent. 

100.00 
111.75 
1 09.66 
114.11 
118.18 
119.38 
1 1 3.29 
1 1 3.63 



As with all plat work with fertilizers the results are far from exačt or 
uniform. In all cases an increased crop resulted but no rule can be drawn 
from the figures that will hold good. It appears that at the station where 
the lands háve rested for some years ratoons need fertilizers more than plant 
cane and that for these a complete fertilizer is best. 

LIM1NG CANE SOILS. 

Lime is a necessary constituent of plants. It is in nearly all instances 
found in siifficient amount in the soil for the direct needs of the plant. It 
is not, however, always in the correct proportion for the best growth of the 
crop nor for the best physical condition of the soil. The amount of lime 
has a great deal to do with the physical condition of agricultural soils. It is 
a well-known prínciple in agriculture that lime renders the soil more mellow 
and heavy clay soil especially more easily worked. It also plays a very 
important part in rendering available for the needs of the plant some of the 
other elements of fertility. 

The heavy clay soils of Porto Rico are very much in need of liming, 
in fact, many of them need this element more than any other, not excepting 
those of the fertilizers. Lime applied has a two-fold object, one to render 
these soils more porous and easily worked and the other to neutralize the 
acidity which often develops in them. For such purposes bumt lime is the 
form necessary and this may be obtained in nearly all sections of Porto Rico. 
The cost varies in diíferent localities. Where one has a kiln and bums his 
own lime the cost is about $5.75 per ton. To buy it and haul it some 
distance, as is the čase at Mayaguez, it is worth about $8.00 per ton. 
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Again, some of our alkali soils will be greatly benefited and made 
productíve by applications of calcium sulphate or unburnt gypsum, a form 
of lime which is found in natural deposits in other countries and w!iich can 
be bought in New York at about $7.00 per ton. 

At the station a series of experíments was carried out during Iwo years 
in applying lime to cane. The following table show s the results with 54 
plats to which lime was applied at the rate of 320 pounds per acre. This 
was freshly burnt lime and was applied just before the cane was planted: 

Comparison of results of tost with and without limo. 

Yield per acre oí cane planted at distancet of 





5 by 5 feet. 


i 

: V/z by V/2 feet 


10 by 10 feet. 


Fertilized and limed: . 


Tons. 


Tou. 


Too. 


Plant cane 


51.1 


44.0 


36.9 


Ratoon cane 


37.5 


31.2 


22.0 


Total, 2 years 


88.6 


75.2 


58.9 


Fertilized, unlimed; 








Plant cane 


41.0 


35.7 


33.9 


Ratoon cane. . . 


37.3 


33.6 

• 


27.0 

i 
i 


Total, 2 years 


73.98 


65.48 


i 57.47 


No feralizer; 








Plant cane 


30.0 


31.4 


26.4 


Ratoon cane. . . 


25.0 


27.9 


29.1 


Total, 2 years 


55.0 


j 59.3 


55.5 



The lime on these plats cost $ 1 .28 per acre and averaging the vaJucs 

of the canes produced the limed plats gave an increase in value over the 

unlimed of $7.1 5 per acre, being a net profit of $5.87. It will be noted 

from the figures in the table that on limed plats the ratoons fell below in 

yield those on the plats not limed. This shows that by liming we get a 

largely increased crop the first year by reason of the fact that the lime rend- 

ers available the plant elements in the soil to the detriment of the succeeding 

crop. The experiments also showed that the limed plats gave much greater 

yields where the largest amounts of fertilizers were added. If we continue 

to lime our land we must also continue to fertilize in order to get the greať 

est profits. Heavy clay lands, such as those at the experiment station, need 

first a heavy applicatíon of burnt lime. After that each year there should 

be a heavy applicatíon of a complete fertilizer with nitrogen as the principál 
element. 



i 
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In another experiment on station clay land the yields cf cane per acre 

were as follows: 

TONS. 

3,000 pounds Ume per acre 69 

500 pounds lime per acre 50 

Without lime 44 

3,000 pounds lime with f ertilizer 62 

1 500 pounds lime with fertilizer 57 

This experiment indicates that the clay lands of the station ušed in 
growing cane need first liming and second fertilizing. 

There are found in some sections of Porto Rico immense deposits of 
soft coral limestone. In some instances this has been ušed on cane lands 
with apparently beneficial results. While the effects are not as evident as 
with burnt lime, in some instances where the transportation is not expensive 

• a trial of it is warranted. 

)■ At this station a very wet swampy piece of land was tile drained and 

! , planted to cane. It was divided into three plats and the cane planted 1 

by 1 feet. To one plat there was applied to each hill of cane five gallons 

f: of bumt lime and to another five gallons of soft unburnt lime. The yields 

per acre were as follows: 

TONS. 

Bumt lime 56.1 

Uuburnt lime 39.8 

No lime 24.9 



1 ' 
r 



1 



i 

i 



č 



[i 

ti 



A bulletin of the Hawaiian Sugar Planters' Station (a) gives the results of the 
application of lime in the form of ground coral and gypsum. Where these 
were applied a better showing was made in regard to density, sucrose, 
glucose, and purity than where no lime was added. The gain in the sugar 
of the cane where the ground coral was applied was 46.6 per cent, and 
with gypsum 46.9 per cent compared with the plat that was not limed. 
These were added to soils that were irrigated with saline water. 

EXPER1MENTS WITH BAT GUANO. 

In many parts of Porto Rico caves abound that contain large deposits 
of bat guano. These are variable in composition but some of them are 
very rich, running over 20 per cent phosphoric acid. Many Porto Rican soils 
are very deficient in phosphorus and to such these deposits are especially 
valuable. 

In an experiment with cane three plats where laid off. To one was 
added a shovelful of bat guano, to another a shovelful of lime, and to the 



(a) Hawaii&q Sugar PlanterV Sta., Agri. Div. Bul. 1 1 , 
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third nothing. The hills of cane were 5 by 5 feet and the guano and lime 
was worked into the hill. The guano plat gave 40!/2 lbs. cane to the hill 
while the lime and blank plats gave only 33 lbs. cane to the hill. This 
was a difference in favor of the guano plat of 6I/2 tons of cane per acre. 
In another experiment cane planted 5 by 5 feet was treated as follows: 
To plat N^ I there was added to each hill of cane one liter 
composed of guano one half and burnt lime one halí; Plat N' 2 one liter 
of guano; Plat N? 3 one liter of lime; Plat W 4 check. 

The yields were as folie ws: 

Tons per acres 

Guano and lime 42.7 

Guano 47.6 

Lime 43.6 

Check 36.0 

EXPERIMENTS IN DIFFERENT PARTS OF PORTO R1CO. 

A number of experíments in fertilizing cane háve been carríed out in 
different sections of Porto Rico. These háve been with the object of study- 
ing the needs of the soils in different parts of the island. Some háve been in 
cooperation with the station and others háve been carried out by sugar planť 
ers and centrals. 

The following pian with formulas was tried in various sections: 

Yields obtained with different fertilizer formulas at the experiment station, Mayaguez. 



i Plat No. 



I 1 



FERTILIZER PER ACRE 



Tankage, 200 lbs.; sulphate of ammonia, 
1 00 lbs.; acid phosphate, 450 lbs. 



YieUof 
per acre 



2 Dried blood, 1 40 lbs.; sulphate of ammonia, 
1 00 lbs.; muriate of potash, 250 lbs. 

Muriate of potash, 250 lbs.; acid phosphate, 

450 lbs. 



Tankage. 200 lbs.; sulphate of ammonia, 
1 00 lbs.; muriate of potash, 250 lbs.; acid 
phosphate, 450 lbs. 

No fertilizer. 



Tona. 



33.8 



31.2 



22.5 



28.0 



23.1 j 
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From the above results obtained at the experiment station Oft ratoon 
canes it is evident that nitrogen is the element most needed. The results 
with potash and phcsphorus are lower than with no fertilizer, indicating that 
it is not advisable to use these elements singly or togethe r , but one or both 
could Iikely bs ušed profitably with an applicatioi of nitrogen. 

The following exp^rimsnts were made at the Haciend i San Francisco, 
Hoimiguercs: 

Yield obtained with diffferent fertilizer formulas at Normigueros. 



Plat No. 



FERTILIZER PER aCRE 



Lime, 800 lb?. 



lYiddof 
I per acre 

Tom. 
18.75 



Nitráte of soda, 250 Ibs.; supha*e of am-! 
monia, 200 Ibs.; acid phosphate, 600 lbs. 1 1 8.47 



Nitráte of soda, 250 lbs.; sulphate of am- 
monia, 200 lbs.; sulphate of potash, 250 lbs. 20.87 



Sulphate of potash, 250 lbs.; acid phos- 

phate, 600 lbs. 

Nitráte of soda, 250 lbs.; sulphate of anr 
monia, 203 lbs.; sulphate of potash, 250 
i lbs.; acid phosphate, 600 Ibs. 

i 

t 

Nitráte of soda, 250 Ibs., sulphate of am- 
monia, 200 lbs.; sulphate of potash, 250 
lbs.; acid phosphate, 600 lbs.; Lime, 1,000 
lbs. 



19.05 



19.80 



21.37 



From the above results obtained at Hormigueros it is apparent that 
soils in that vicinity are not in the proper physical condition to give the best 
returns from an applicarion of fertilizers. It will be noted that the yield 
from the application of lime is almost equal to those were heavy applications 
of fertilizer were made. It is evident in this čase that these soils should be 
heavily limed to improve their physical condition and to bring them to the 
proper tilth. After this, fertilizers will be advisable, starting with small 
amounts and with these especially strong in nitrogen. It is also Iikely that 
the drainage could be improved, and it is very probable that these soils are 
acid in their action. 

The following results were secured on experimental fertilizer plats at 
Santa Rita: 



žš 



YitMs eMaiaed with dffierert fertKier hrmlas at Stata RHi 

YiaUaf 



PUtNo. 



FERTIUZER PER ACRE 



No fertilizer 

Tankage, 400 lbs.; nitráte of soda, 400 
lbs.; acid phosphatc, 4 1 lbs. 

Dried blood, 290 lbs.; nitráte of soda, 400 
lbs.; sulphate of potash, 240 lbs. 

Sulphate of potash, 240 lbs.; acid phos- 

phate, 600 lbs. 

Sulphate of potash, 400 lbs.; nitráte of soda, 
400 lbs.; acid phosphate, 410 lbs. 

Tankage, 400 lbs, nitrogen, 9.8 per cent 
and phosphoríc acid, 3.2 per cent. 




The above results obtained at Santa Rita indicate that on the soíls 
under experiment very heavy applications of fertilizers with the land in its 
present condition is inadvisable. The amounts applied, námely 800 to 
1 ,200 pounds per acre, were excessive in all cases except the last, showing 
a loss in tonnage compared to the plat where no fertilizer was ušed. In the 
čase of plat 6 nitrogen was in the form of tankage, which doubtless disinte- 
grated gradually during the growing period and afforded the nitrogen as 
needed and not in a large amount at once as is the čase with quick acting 
manures. 

The results of fertilizer experimente at Central Ingenio, near Yabucoa, 
were as follows: 



YiaMs obtained wHh different 



formulas at Central lageme. 



PUtNo. 



I 

2 

3 
4 

5 

6 



FERTILIZER PER ACRE 



Nitráte of soda, 180 lbt.; sulphate of ammonia, 180 lbt.; 
acid phosphate, 360 lbs. 

Nitráte of soda, 180 lbs.; sulphate of ammonia, 180 lbs.; 
sulphate of potash, 150 lbs. 

sulphate of potash, 130 lbs.; acid phosphate, 360 lbs. 

Sulphate of ammonia, 180 lbs.; nitráte of soda, 160 lbs.; 
sulphate of potash, 1 30 lbs.; acid phosphate, 360 lbs. 

Nitráte of soda, 90 lbs.; sulphate of ammonia, 90 lbs.; 
sulphate of potash, 75 lbs.; aad phosphate, 180 lbs. 

No fertilizer 



YieJdof caoe 
per acre 



Tooc 

42.36 

43.98* 
44.22 

42.72 

45.36 
42.72 
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The wholc field gave an average yield of 33.98 tons peť acre. The 
results show that in the application of f ertilizers in only plats 3 and 5 is there 
any appreciable increase in the yield while plats 1 , 2, and 4 show - little or 
no increase over 6 which had no fertilizer. 

The fertilizer experíments conducted at Central Merceditas, near Pon- 
ce, resulted as follows: 

YiaMs obtained with different fertilizert at Central Merceditas. 



Plat No. 



FERTIUZER PER ACRE 



I 

I 
per acre j 



Yield ofcane 



1 

2 
3 
4 
5 
6 



No fertilizer 

Nitrogen and phosphorus 

Nitrogen and potash 

Phosphorus and potash 

Nitrogen, phosphorus, and potash ! 

Nitrogen, phosphorus and V2 potash. . 



Tons. 

40.7 
40.9 
41.3 
41.3 
41.6 
41.2 



From the above results obtained at Central Merceditas it is evident 
that the soils do not need fertilizer in their present condition, as in no čase 
was a sufficient profit obtained by their use. These canes were grown 
under drought conditions, and had there been plenty of water doubtless the 
fertilizers applied would háve shown better results. It is evident that if 
fertilizers are put in the ground and there is not sufficient water to dissolve 
them the plants cannot make sufficient growth to utilize the plant food 
added. It emphasizes the fact that before a fertilizer can be profitably 
employed in growing cane the physical condition as regards tilth and 
moisture must be carefully looked after. 

At Central Aguirre a number of tests of fertilizers were made which 
were very variable. Where large amounts were ušed the results 
obtained indicate a loss in value and in some cases a decrease in yield. 
It is evident that these soils under the conditions of cultivation and the 
app lication of water did not respond to heavy applications of fertilizer. 
The plats treated with 500 pounds of a fertilizer made up of sodiun 
nitráte, ammoniun sulphate, potassium sulphate, and superphosphate showed 
an average loss of yield in comparison with the plat receiving no fertilizer. 
The application of 1 ,000 pounds to the acie of the samé showed a slight 
gain in tonnage. The addittion of 1 ,500 pounds of this mixture per 
acre showed a distinct loss in tonnage compared with the check plats. 
Averaging all plats, those unfertilized produced more than the řertilized 

Elats. Not only was the fertilizer thrown away but it actually produced a 
>ss in tonnage. The average yield of the plats was at the rate of 58 
tons per acre. Had the soils been in better physical condition they 
probably would háve with the fertilizers produced a greater yield. There 
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Was a lack or an excess of water, a compactness of the soil, an excess ok 
noxious salts or some other unknown factor that kept the cane from 
profitably utilizing more of the fertilizing elements that were applied to the 
soil. 

The Guanica Centrále carried on a number of experiments during 
1 908 with nitrogen in varíous f orms. The applications were made in 
equal amounts of fertilizer per acre without reference to the percentage of 
nitrogen. The following table shows the rank of the different fertilizers 
as regards the yield of sugar per acre: 

Effectiveness of different forms ot nitrogen. 



Id. 2nd. 3rd. 



4th. ! 5lh. 



FFRTH -17FR Experiment Experiment Experiment Experiment 

i ■ ! 



Nitráte of soda 2 3 2 4 

Sulphate of ammonia 3 2 4 I 

Tankage 1 I 3 3 

Cyanamid 1 2 



3 
2 
1 



The condition of the soil probably has much to do with the effective- 
ness of the form in which nitrogen is combined in the fertilizer. Where 
the rainfall is abundant and well distributed a slowly available form will 
likely prove best. If on the contrary there is a scarcity of water or if it is 
applied at long intervals a quickly available form will give the highest results. 
Sometimes the element with which the nitrogen is combined will add some- 
thing to the favorable results, as the phosphorus in tankage and the Ume in 
cyanamid. 

RESULTS IN FRENCH WEST INDIES. 

Besides the numerous fertilizer experiments made in the soils of Porto 
Rico it will be advisable to consider the results obtained in other countries, 
especially those islands of the West Indies where the soils are somewhat 
similar to the Porto Rican soils. Perhaps the longest cropped soils of the -j 
West Indies are those of Martinique, which has long been famous for its ! 
sugar and rum. The lands about the port of Fort-de-France, which is not in ji 
the volcanic district of the island, resemble those of Porto Rico. They are for ' 
the most part clay, varying in color from red to black. Cane production has 
been carried on for a great many years not only inthe low lands but covering 
the well watered hills. The French cultivators are famous for the care they 
give their fields and this is shown in their colonies. Heavy fertilizing has 
been found profitable and many tons of fertilizers are imported annuaUy into 
the island. It has been found that those soils require the three elements of 
* fertilizer, nitrogen, phosphorus, and potash, and especially the forroer. 
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The application of burnt lime has also been found profitable. In the island 
of Guadeloupe the samé conditions prevail. The eastern part of that island 
has been devoted for a great many years exclusively to cane. The soils are 
greatly benefited by liming and require also a complete fertilizer. 

RESULTS IN BRITISH WEST INDIES. 

* The English island of Barbados possesses a black soil overlying 
coral limestone that is different from the soils of Porto Rico. This layer 
of soil is thin, in some places the rock showing through. Besides this they 
háve a soil which is more like the clay soils of Porto Rico. The black 
soils need nitrogen and potash but not phosphorus. Experiments with 
fertilizers on cane háve been carried on in Barbados for a number of 
years. The results háve shown considerable differences in different 
seasons and different localities. Nitrogen seems the most important ingre- 
dient of the fertilizer required by the various soils. In the majority of 
cases phosphorus in the form of sup?rphosphate or basic slag had little oř no 
effect Potash in most cases gave a profitable increase. The application 
of nitrogen, phosphorus and potash seemed to háve no direct effect upon 
composition of the juice. The only benefit was in the increased growth 
of cane. However, when nitrogen was applied latě it retarded the 
ripening and caused the production of a poor and impure juice. The 
applicarion of lime gave an increase in the crop even where lime seemed to 
be abundant. This apparently was due to improvement in the physical 
condition of the heavy clay soils. The use of phosphorus and potash in 
addition to large applications of stable manure reduced the yield of cane. 
Where 35 tons of stable manure was ušed to the acre, commercial fertilizers 
in addition were not advisable. As a result of better tillage a gain of 2Vi 
tons of cane per acre was made. Subsoiling, manuring, and cultivating all 
gave increased yields. 

In the report of the Imperiál Department of Agriculture for the West 
Indies, 1 905-6, F. Watts (a) gives the results of experiments with plant 
canes for six years and with ratoon canes for five years. It was found that 
commercial fertilizers were unprofitable for plant canes on land well tilled 
and which had received about 20 tons of bamyard manure per acre. It was 
also found that with ratoon canes nitrogenous manures were essential to 
profit. Nitrogen in a quick acting form, such as nitráte of soda or suiphate 
of ammonia, should be given in one application at an early dáte in the 
growth of the cane. 

In other experiments the kind of commercial fertilizer had but slight 
effect upon the quantity of sugar in the cane. Nitrogen, phosphorus, and 
potash together gave a slight increase of sucrose per ton of cane. Nitrogen 
when ušed alone gave a slight decrease of the sweetness of the cane* 



(a) Imp. Dept. Agr. West Indies, Sugar Cane Expts. Leeward Id., 1 905—6, pt 2. 
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Manures, such as are ušed in ordinary practices in the Leeward lslanás, 
háve an influence of alteríng the weight of the cane per acre without pro- 
foundly alteríng the weight of sucrose to the ton of cane. 

By using cuttings from canes of a high and of a Iow sugar content 
there was a gain of about 1 per cent of sucrose from the high sugar cuttíngJ 
over those from canes of a Iow sugar percentage. Treating the seed witíi 
Bordeaux mixture tended to preserve the cane cuttings while in the soil and 
to increase the number of plants grown from the cuttings by 62 per cenL 

RESULTS IN BRITISH GUIANA. 

British Guiana has long been famous for its sugar production. Dem- 
erara crystals made from the old Bourbon cane were considered before 
the days of the sugar refineries as the very best and purest of sugars. The 
cane fields of this colony are quite extensive, having been developed tosomc 
extent by the Dutch long before the acquisition of the colony by the EngHsk. 
The soils of British Guiana are naturally very fertile, being alluvial depoáts 
of the large rivers of South America. A great deal of work has been doně 
by the British Botanic Station of Georgetown during 25 years and from 
this some very valuable lessons may be drawn for our work in Porto Rico. 

As in Barbados, nitrogen appears tobě the element governing the yiekl 
of sugar cane and is the most important in the fertilizers applied; sulphate 
of ammonia is considered preferable to nitráte of soda for the cane. From 
200 to 300 pounds of sulphate of ammonia per acre proves to be the most 
profitable application of nitrogen. The experiments indicate that in British 
Guiana phosphates when applied to plant cane with nitrogen and potash 
will give increased yields. Phosphate when applied alone was not profit- 
able nor was there any advantage gained when ušed with ratoon crops. 
The addition of potash had little or no eff ect. At the present time it seems 
that there is enough of this element set f ree in the soil to renderits applica- 
tion in fertilizers unnecessary. The use of lime gave largely increased yields. \ 
Its action seemed to be principally in improving the mechanical textuře ol 
the soil so that the plants could také up to better advantage the fertifai 
applied and the land could be more easily worked. 

Neither phosphoric acid, potash, nor lime affected the percentage ot 
sugar in the juice, while nitrogen fertilizers retarded the rípening and reauc- 
ed the sugar content. This, however, was more than offset by a largef 
yield. 

RESULTS IN HAWAII. 

In a number of cane-growing countries experiments háve been carritf J 
on with the view of determining a rational method of fertilizing the sol ji 
! n the Hawaiian Islands fertilizers in cane growing háve been ušed in «* : 
eatest amounts. Theirs is a volcanic soil that can absorb large amoi* 
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of fertilizers and is in such physical condition as to permit the roots of the 
cane to extend great distances seeking for plant food. The greatest 
increase reported by the Hawaii Station with the use of fertilizers was 
6,053 pounds of sugar per acre over land where no fertilizer was ušed, 
Thi$ was obtained with very heavy applications of fertilizers. On the 
other hand, in soils in poor physical condition the losses f rom the use of 
heavy application of fertilizers were very great. 

C. F. Eckart, in fertilizer experíments in Hawaii from 1897 to 
1 905, (a) found that the highest purity in the cane, 90.69 per cent, was 
obtained on the unfertilized plats and the lowest, 88.29 per cent, on the 
plats receiving a complete fertilizer with nitrogen in the form of sulphate of 
ammonia. The highest sucrose content, 1 8.26 per cent, was secured on the 
unfertilized plats and the lowest, 1 6.40 per cent, on the plats receiving a 
complete fertilizer with the nitrogen in tne form of dried blood. 

It was found that various varieties of cane took different amounts of 
plant food from the soil. This applies to nitrogen, phosphorus, potash, 
and total solid matter. It was also found that there was a variarion in the 
chemical composition of the samé variety during different seasons. The 
amount of the different elements taken up by the plant was apparently 
due to climatic conditions and changes in the soils, which are different 
during various seasons. 



RESULTS IN VARIOUS COUNTRIES. 



In 1903 and 1904 the United States Department of Agriculture 
carríed on some experíments in the culture of sugar cane at Waycross, 
Georgia. (b) These canes were grown for the purpose of making 
sirups. The soil employed was a worn out sandy one very much in need 
of fertilizers. The most striking result was in the yields of cane obtained 
from land that had previously grown a crop of cowpeas The percentage 
of sucrose from the cane on the land that had grown cowpeas was 1 4.7 
per cent while on that which had not grown cowpeas it was 12.31 per 
cent. 

In a bulletin published in Indo-China by the French government in 
1 906 (c) fertilizer experíments were reportea on soils very deficient in 
humus. Minerál fertilizers alone where of no value and small quantíties 
of bamyard manure gave unprofitable results also. A heavy application of 
bamyard manure gave a somewhat smaller yield than a mixture of the 
samé With commercial fertilizers, but the profit was greater. The author 
considers that the first need of such a soil is a supply of humus. 



(a) Hawanan Sugar Plaoten Sta., Div. Agr. and Črtem, Bul. 1 5. 

(b) U, S, Dept, Agr„ Buř, Chcro, Bul. 93, 
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ONE OR MORE APPLICATIONS. 

In the matter of applying all the (ertilizer at one time or at differcnt 
periods results vary. It depends largely upon the nature of the fertilizer. If 
it is one that is readily cjissolved, results will be better if several applications 
are made. If on the other hand it is a fertilizer that dissolves slowly, one 
application made before the field is plaitelis best At the Loirisiana 
Station it was found that 24 Ibs. of nitrogen per acre in a very wet 
season produced almost as much cane as 48 Ibs. 

In experiment* at Central Aguirre a greater average was obtained 
applying the fertilizer all at one time rather than two applications. At the 
Guanica Centrále on irrjgated land results of one and two applications of 
fertilizer were inconclusive. With some fertilizers one application gave best 
results while with others two gave the most profit. 

At Waycross, Ga., in experimente carried on by the United States 
Department of Agriculture (a) in growing cane for the production oí 
molasses, a number of fertilizer experiments were made. Dividing the 
fertilizers and making two or three applications as compared to applying 
it all at one time did not show a sufficient advantage to justify the 
practice. 

PROFITS IN FERTIUZ1NG. 

In using fertilizers a planter should keep stríct account of the cost 
thereof per acre and estimate as dosely as possible after harvesting the 
crop whether the application has proved profitable or not. It is very easy 
to obtain an increased yield with fertilizers, but it must be remembered that 
such an increase is not always made with a profit. In the several 
hundred fertilizer experiments carried out with canes at the station in all 
cases an increase in the crop was obtained over plats where no fertilizer 
was ušed. Not, however, in all cases were such increases made with 
profit, for in some plats the cost of the fertilizer was greater than the value 
of the additional cane. 

The land experimented upon at the station is very near the city oí 
Mayaguez and has been in cultivation for a period of perhaps more than 
a hundred years. Contínuous crops háve been removed from this land and 
very little manure or fertilizer added. As would be expected it is 
naturally very deficient in plant food. In all cases each of the elemente of 
the fertilizer gave an increased yield. With nitrogen a greater profit was 
made with plant canes than with ratoons, but the reverse was true with 
phosphorus and potash. In combination nitrogen and phosphorus and 
nitrogen and potash gave nearly average returns with both plant cane and 
ratoons. With phosphorus and potash in combination much greater 



U) U. S. Dm*. Aat. Bur. CK«n Bul 1ÍW 
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tehlrn* Wére made in applying the fertilizer to the ťatoofts rather than tó 
the plant cane, and with a combination of nitťogen, phosphorus, and 
potash, much greater returns were made with ratoons than with plant 
canes. With plant cane on lands that had been in grass for a numbe? 
of yeafs, the increase in tonnage using nitrogen, phosphorus, and potash, 
was not equal to the value of the fertilizer ušed. The following table 
shows in a concise form the increase in tons compared with the check 
plats, and also the cost of the fertilizers applied: 

Increase in yield conpared with cost of fertilizers. 



\ Gain {Cost of; 
in yield fertilizer 1 
per acre per acre 



Ton». 

Nitrogen: 
Planjcane 4.18 !$ 4.40 



Ratooo cane. 



Plant cane . . , 
Ratoon cane. 



Phosphorus: 



2.81 ;" 4.40 



2.7 



í»» 



2.56 



3.04 ! " 2.56 



Potash: 

Plantcane ! 3.45 I" 3.44 

Ratoon cane ! 4.95 "3.44 



Nitrogen and phosphorus: 

Plant cane 

Ratoon cane 



Nitrogen and potash: 

Plantcane 

Ratoon cane 



Phosphorus and potash: 
i Plant cane. . 
; Ratoon cane 



5.72 
5.1 



5.35 
6.18 



2.79 
! 5.11 



Nitrogen, phosphorus and potash: 

i Plant cane 

Ratoon cane 



"11.36 
"1 1.26 1 

i 

"12.24 i 

" 12.24! 



" 8.56 
8.56 
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1.78 
6.32 



!" 10.40 
"10.40 



The value of cane varies with the sucrose content and the price of 
sugar. At present it varies from $3.00 to $4.00 per ton at the milí. 



STRIPPING CANE. 



The question of the advisability of stripping cane is worthy of 
further study in Porto Rico. It is said that cane since the American 
occupation is strípped much more than it was formerly, The cane plant, 
like all others, needs its leaf suiface for growth. Even after a leaf begins 
to dry it is probable that some substance is drawn from it by the growing 
cane stalk. It is undoubtedly true that in many fields in Porto Rico cane 
is stripped too close and the leaves are taken from the plant which 
still vaíuable in promoting its growth. 



are 
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In three senes of experimente on the influence of strípping sugar cane 
made at the Hawaiian Sugar Planters' Station (a) it was found that in 
samé cases the process was profitable while in others it was not lt 
probably depends upon the variety of the cane and the character of the 
season. In another experiment made at the station (b) the average yietó 
of stripped cane was 68 tons per acre and unstrípped cane 87 ton sper 
acre. The available sugar from the stripped cane was 8.99 tons per 
acre and from the unstrípped cane 1 2.2 1 tons per acre. In both plapt 
and ratoons the unstrípped cane showed a higher percentage of sucrose in 
the juice and a higher coefficient of purity than the stripped cane. 



LOSS OF WE1GHT IN SHIPPING. 



From the records kept of 725,000 pounds of cane shipped from the 
experiment station at various periods and to different mills it was found 
that the loss in weight varied from 5.8 to 8 per cent The cane was 
weighed at the station immediately after loading on the wagons. The loss 
ran fairly uniform with the various car loads. The difference in a few 
instances was slight, the loss by evaporation of juice apparently having 
been checked by ráin on the open car of cane while in transit. 



DETERIORATION BETWEEN CUTTING AND GRINDING. 

When cane is cut and its growth thereby stopped there sets up 
very soon a deterioration in the quality. This is brought aboutbythe 
action of certain ferments which are in the juice and that change the 
sucrose into glucose. This is the beginning of that fermentation which 
ultimately changes the sugar into acid. It is therefore advisable as soon 
as possible after the cane is cut to grind it. There is a loss to the 
planter in weight by its drying out and to the milí in sugar by the changjng 
of the cane sugar into the less valuable molasses or glucose. The araount 
of this change depends upon the water content of the cane, the atmosphenc 
conditions, and the degree of maturity. 

To show the extent of this loss the following results reported by one 
of the centrals of Porto Rico are appended. A contract was made with a 
man to cut and load cane for the milí. When he began he put his roen 
into the field and cut down at once a great deal of cane which he shipped 
duríng a period covering several days. Taking the results from this planta* 
tion as reported by the milí, the following figures are obtained: 

(a) Hawaiian Sugar Planters' Sta. Div. Agr, and Chcm, Bul, 16- 

%) ft»d.Bul25, ^ ; * - : 
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Effeet of May in grinding on qnaltty of jniee. 



. <*•«••*• •••* • ■ » • *mm 



*lrŮZ ! WHEN GROUND | Y Tym** 



\ 



Ž3 

27 
27 
33 
26 



30 hourá 
36 hours 
48 hours 

3 days 

4 days 

5 days 



after cutting 
aher cutting 
after cutting 
after cutting 
after cutting 
after cutting 



Rer cent 

88,13 
86.69 
86,32 
86.28 
85.22 
85,59 



These figures show a rapid deterioration in the value of canes after 
cutting. 

In cutting cane from another plantation the following analyses were 
made: 

Effect of delay in grinding on quilHy of jirioe. 





Nwknm 


it« —■■■■■ •• •• 






Average of puríty 






of cmn 


; WHEN GROUND 


in jince 














Percent 






56 


12 hours 


after 


cutting 


85.79 






80 


24 hours after 


cutting 


85.17 






71 


48 hours 


after 


cutting 


85.33 






67 


:■ 3 days 


after 


cuttang 


84.64 






78 


i 4 days 


after 


cutting : 


84.61 






56 


i 6 days 


after 


cutting 


83.07 





The average loss of these shipments owing to cutting some time before 
grinding was estimated at 1 cents per ton. Tne time the cane was in the 
car in all cases was about 20 hours. The difference was brought about 
by the delay in loading after cutting, the contractor cutting as much in one 
day as he could load in a week. 



HAULING CANE. 

To test the comparative value of oxen and mules in hau ing c*ne from 
the field a record was kept of the weights of the loads. 

A team of mules with a low farm wagon with broad tiied iron wheels 
averaged with 42 loads 2,450 pounds. 

A team of mules with an ordinary wagon, nanow tire, wood wheels 
averaged with 50 loads 2,560 pounds. 

An ox team with the ordinary cart of the country averaged with 39 
loads 1 ,580 pounds. 

One team of mules hauled 55 per cent more cane per load than the 
oxen and the other 62 per cent more. The haul was about halí mile. The 
mules traveled f aster and averaged a little more in the number of loads per 
week. On the other hand the ox cart could be dumped and thereiore 
unloaded quicker. 



36 

BURNING TRASH. 

Porto Rican cane soils are deficient in humus. It is therefore advisable 
to work all cane trash into the ground. This is now the generál practice 
and it should continue unless some strong reason should cfevelop indicabng 
a change. The only reason now apparent for burning the trash is to des- 
troy some insect or fungus pěst. Burning might help in some cases but the 
humus and the nitrogen would be lost. Unless (or some such reason therc 
is strong expectatipn of good from burning, it is best to follow the present 
custom of putting the trash between the rows in ratoons or plowing under 
beřore replanting. 

DISEASES OF CANE. 

Plants like animals become diseased more readily under unfavorable 
conditions. Porto Rico canes are comparatively healthy for an old cane 
growing courítry. However, there are enough of both insect and fungus 
diseases to cause enormous losses. Cane troubles are liable to increase 
rather than decrease. This will occur as long as cane is grown year after 
year on the samé land. Again other- diseases and insect pests are liable 
at any time to be introduced from cane-growing countries from which ncw 
cane seed are imported. It is advisable for the experiment station 
to import all new canes so that they may be properly disinfected before 
planting. It is and will continue to be the policy of this station to propagate 
and distribute promising cane varieties among the planters of Porto Rico 
without charge. 

The diseases and insect pests of cane will be taken up in a later 
bulletin but a few suggestions at this time will prove of value. There are 
certain fungus diseases that are giving much trouble as the root rot and the 
pineapple disease. We can help greatly in lessening the losses from 
these maladies by planting clean seed. All cuttings ušed for planting 
should be dipped for five or ten minutes in Bordeaux mixture. Whfle 
this will not kill the disease if it is in the soil, it will permit the seed to 
háve a clean start, which is a big advantage. 

Soils having a very close textuře are favorable to the growth of 
root diseases. With healthy plants the parasites causing root rot are not 
very serious. It is only when under poor soil conditions the plants are 
weak that the damage is doně. 

Louisiana Station Bulletin 1 00 gives a 'description of the root disease 
of sugar cane causedby the fungus "Marasmius plicatus." Thisis apparent- 
ty the samé disease that we háve in Porto Rico and is quite abundant fe 
affects the plants by destroying the roots and smothering the growing bud* 
by matting the leaf sheaths over them. As a prevention the author recom- 
mends better cultivation, the disinfection of the seed cane, the planting « 
resistant varieties, the destruction of infested trash, and the rotabon of cane 
mkIs. 
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The Hawaiian Sugar Planters* Station (a) has made a study of the 
diseases of the sugar cane, especially the root disease. This disease has 
caused the abandonment of the cultivation of Lahaina and Rose Bamboo in 
certain localities. The first symptoms of the disease show the plants to be 
apparently sufferíng from drought. The leaves are rolled together, turni 
yellow and becóme dry. The lower leaves mat together and white fungi 
can be found between them. These fungi live in the soil. The treatment 
recommended is the planting of resistant varieties, cultivation and liming the 
soil, the destruction of diseased materiál, and changing the soil to some other 
crop for a time. m 

In the report from Bengál, India, for 1 906 (b) it is stated that certain 
fungus diseases, as red rot or red smut, are carríed in the majority of cases 
by cane seed that are planted. It is recommended that sound seed be 
selected of resistant varieties, also the destruction of diseased materiál and 
more frequent planting. 

The Queensland Agricultural Journal [ 1 906] (c) describes a top rot of 
sugar cane. This disease has been known in Australia for a number of 
years. In some seasons nearly the whole crop has been a failure, while in 
others the reduction in yield has amounted to from 20 to 50 per cent. 

Of our insect pests the changa or mole cricket is by far the worst. 
As it works under ground and at night it is hard to reach. (d) The white 
grub of the "caculo" also does considerable damage to cane as well as 
to other plants. These are found feeding opon the roots. A strong 
fertilizer may reach them. If this fails it may be necessary to change the 
field to another crop. 

The sugar cane leaf hopper that does so much damage in Hawaii was 
introduced from Fiji. In Fiji about 85 per cent of the eggs of the insect 
are killed by parasites This parasite has been introduced into Hawaii 
where the leaf hopper is very injurious to the cane. The Director of the 
Sugar Planters* Station has wamed us of the danger of importing this 
insect into Porto Rico with cane seed. 



SUMMARY. 



With continued favorable trade relations cane growing will increase 
and continue to be the leading agricultural industry of Porto Rico. 

Production may be increased by improved varieties. These are being 
obtained by breeding at the experiment station, at some of the large estates, 
and by importations. 



(a) Hawaiian Sugar Planters' Sta., Div. Path. and Phyaiol. Bul. 2. 
~ Mem, Dept. Agr. India, Bot, Ser, (1906), No. 3 p. 2. 
Qpendand Agr. Jour, 16 (1906), No. 8, p, 496. 
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Yields may be greatly increased by better drainage, inigatíon, and 
plowing. Liming and fertílizing can be much improved by study and 
experiment 

Many practices in cultivating and harvesting are capable of improve- 
ment and need detailed study. 

The tirae has come when the diseases and insect pests of our cane 
fields must háve the most careful consideration and treatment. 

Lastly there must be stronger and closer cooj e ation between planters 
regardíng the many problems relating to this most important crop of Porto 
Rico. 
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LETTER OF TRANSMITTAL 



PortC) Rico Agricultural, Experiment Station, 

Mayaguez, P. #., January 27 ', 1911, 
Sir: I háve the honor to transmit herewith a manuscript on the 
subject of Insects Injurious to Citrus Fruits and Methods for Com- 
bating Them. 

As the growing of citrus fruits is rapidly forging ahead and 
destined to be one of our leading industries, and as any information 
looking to its betterment by the employment of the most intelligent 
efforts in its promotion will be of value, the issuance of this bulletin 
is timely. 

I respectf ully recommend that this manuscript be issued as Bulletin 
No. 10 of this station and that it be published in both English and 
Spanish. 

Respectfully, D. W. May, 

Speciál Agent in Charge. 
Dr. A. C. Trub, 

Director Office of Experiment Stationu, 

U. S. Department of Agricvlture^ Washington^ D. C. 

Recommended for publication. 
A. C. Trub, Director. 

Publication authorized. 
James Wilson, 

Sécretary of Agriculture. 
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INSECTS INJURIOUS TO CITRUS FRUITS AND 
METHODS FOR COMBATING THEM. 



nrTBODTTCTIOH. 

The object of this bulletin is to describe the life history of some 
of the various insects injurious to citrus trees, and also to give the 
various insecticides which are being ušed and their effect on both 
trees and insects. 

For years the planters of Florida háve been spraying their trees 
with various emulsions to keep their fruit clean and trees healthy. 
The time has arrived for planters in Porto Rico to pay more atten- 
tion to the appearance of their fruit if they desire to realize top- 
market prices. In order to grow clean fruit more spraying at the 
proper time is necessary. The experiment stations of the United 
States háve shown that beneficial results may be obtained by spray- 
ing. Orchards that produced practically nothing but worthless fruit 
háve been sprayed, with the reeult that 90 to 95 per cent of their 
fruit is perf ect. 

Previous to 1909 very little cultivated fruit haclbeen shipped from 
this island, as most of the groves were young anfl the fruit poor in 
quality. little attention having been paid to its appearance. Now 
that the groves are maturing, more attention will háve to be given 
to the appearance of the fruit in order to obtain a higher market 
standard. This can be doně by carefully watching for the appear- 
ance of insects. Spraying should be doně as soon as the insects ap- 
pear, sothat they will not multiply and ruin the crop. Planters 
should realize that systematic spraying is important, and that the 
work must be doně thoroughly. Thorough work not only implies the 
use of specific kinds of insecticides, but also speciál care in their 
preparation. 

There are a numiber of different kinds of insects which háve become 
troublesome to citrus trees. Their successful combating depends 
largely on an intimate knowledge of their habits, life history, and 
physical characteristics. Without such knowledge it is impossible 
to anticipate an attack by them oř to know the most effective means 
for their immediate elimination without injury to the trees, and 
frequently to the fruit itself. Parasitic factors are often more desir- 
able in eliminating a pěst than resort to treatment with insecticides. 
provided the parasite itself does not become a pěst. 

[No. 10] 
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BELATION OF DTSECTICIDES TO DTSECTS. 

Various kinds of insecticides are ušed for the different classes of 
insects because of structural differences in their mouth parts. There 
are two types of mouth parts — in one type they are oonstructed for 
chewing, while in the other they are drawn out into a tube which is 
inserted into the plant tissue to remove the juices by sucking. In- 
sects of the f ormer are more easily killed by stomach poisons and of the 
latter by contact poisons, while some of both may be kept away 
from plants and trees by means of repelling agente. 

Stomach poisons are generally ušed on insects with chewing mouth 
parts, as, for example, the mole cricket and May beetle, although 
there are exceptions to the rule. Paris green and arsenate of lead 
are generally considered as the most efficient remedies of this class. 
They are usually sprayed upon the leaves that they may be swallowed 
with the food. 

Contact poisons are generally ušed on insects with sucking mouth 
parts, of which the scale insects, plant lice, and the white fly are 
examples. Stomach poisons are of no avail against such, because 
they thrust their beaks into the tissues of the plant and thus avoid 
the poison on the surface. Contact poisons, on the other hand, fill 
up their breathing pores and smother them or cause death through 
irritation. Various emulsions made with carbolic acid, kerosene, 
crude oil, boiled lime sulphur, and miscible oils kill insects by 
contact. 

Repelling agents can be ušed to advantage on some insects. In 
f act, some of the aforementioned agents, as carbolic acid and kerosene, 
serve this purpose, but when ušed for repelling purposes their prepa- 
ration is more simple than when ušed as emulsions. Ants are some- 
times successfully kept away from plants and trees by means of 
repellents, although their destruction is more certain with contact 
poisons applied in their nests. 

OBANGE-LEAF WEEVIL. 

(Diaprepe* npengleri.) 

The orange-leaf weevil appears during May, June, and July, and 
again in November, there being two broods a year ; but a f ew of these 
insects can be found among the orange trees during the other months 
of the year. 

The larva of this insect is a white grub, which f eeds on the roots of 
the orange. In a few cases it was found damaging the trees to such 
an extent that the leaves turned yellow and dropped off. This insect, 
however, is not so destructive as the May beetle or its larva, the 
" caculo." The adult has other hosts, as the guava, avocado, mango, 
and rose. 

[No. 10] 



The adult weevils vary in size and color markings. General color 
black, with white and yellow markings ; head and snout black, pitted 
with white. The black markings on the elytra,or wing covers,are not 
constant. The lineš run together, in many cases producing an irregu- 
lar black surface. The white markings on the thorax and abdomen 
are also variable, many specimens of both sexes having been found in 
which these markings were lost or greatly modified. The male, as a 
rule, is much smaller than the female. They average about as fol- 
lows: Female, length one-half to three-fourths inches; male, length 
one-half to five-eighths inches. 

When this insect appears, spraying should be resorted to with arse- 
nate of lead, 4 pounds to 50 gallons of water. If there is a great deal 
of scab in the groves it is recommended that a fungicide be applied 
with the insecticide. Bordeaux mixture may be ušed as such with 
arsenate of lead, since these two solutions mix readily and can be ušed 
as one spray. 

In using Bordeaux mixture and arsenate of lead one should be sure 
that the scale insects are well under control before applying this com- 
bination insecticide and fungicide. as the Bordeaux kills all the bene- 
ficial fungi that prey upon the purple scale. 



SMALL OlRANGE-LEAP WEEVIL, OB " GBEEN BUG. 



» 



The small orange-leaf weevil, or "green bug," was íirst noticed 
during the winter of 1908. It was found in the San Juan district and 
near Arecibo. It has been observed only in groves planted in sandy 
soils. Its life history has not been completely worked out. 

In 1908 the insects appeared in January and February, and by the 
lst of March all the beetles had disappeared. The eggs are laid in 
clusters between leaves, although in the laboratory they háve also 
been found between a piece of páper and a leaf . The number of eggs 
in a cluster varies f rom 6 to 24. 

The grubs, or larvae, are footless. Color of head, brown; body, 
white, covered with rows of white hairs. There are four hairs on 
the last segment of the abdomen. The larvae soon fall to the ground 
and f eed on the roots of orange trees. 

During 1908 this insect appeared in June during the blossoming 
period and was seen scarring the fruit. 

The green adult beetle is a ravenous feeder, eating the orange 
leaves, especially the new growth. 

The treatment is the samé as for the orange-leaf weevil. Some 
háve made it a practice to piek off the weevils by hand and find it 
more satisfactory than spraying, especially in small groves, 

83569°— Bull. 10—11 2 -— " 



10 



(Lachnosterna sp.) 

This is a large brown beetle which wcrks at night, coming up from 
its burrow at the base of ihe tree soon after dusk. The burrows are 
from 4 to 6 inches deep and usually under the trees that the beetles 
feed upon. The eggs are laíd in these burrows and soon after they 
are hatched the young grubs commence to feed upon the roots of the 
trees. 

The work of the beetles is more notioeable in young groves, espe- 
cially where ground has been broken for the first time, as all the 
plants on which they feed háve been destroyed and there is nothing 
but the orange left for them to eat 

The adult insects are often gathered by hand, men and boys being 
employed for that purpose. Arsenate of lead is ušed as a spray for 
these beetles, and it can be mixed with kerosene emulsion or with 
Bordeaux mixture. 

The May beetle is a voracious leaf feeder. It generally appears 
during April, May, and June, or a little earlier than the orange leaf 
weevil. 

The " caculo," 1 or larva, of this insect is a large, white grub and 
feeds on the roots of the orange, sugar cane, and a number of the 
common grasses, causing a great deal of destruction. Often as many 
a»s 50 grubs háve been taken from around the base of a single young 
orange tree. 

When the caculos are present in great numbers, especially in newly 
planted groves, they eat the sinali roots, nnd sometimes girdle the 
taproots. In such cases the tree gradually turns yellow and dies 
unless it is promptly treated. 

Remove the soil from the base of the tree, také out the grubs, and 
cut off any roots that are girdled; replace the earlh and fertilize 
heavily, so that the tree may háve plenty of nourishment for a fresh 
start. 

OBANGE DOG. 

This pěst is the variegated caterpillar of a butterfly belonging to 
the genus Papilio, which makes its appearance during the summer. 
It has been found in the larval stage at the station during July and 
October. The caterpillars feed on the leaves of the orange, and if 
present in great numbers will cause a great deal of damage, as theý 
are ravenous eaters. Hand picking is recommended where there are 
but few insects. At the station very satisfactory results were ob- 
tained by spraying the trees on which they were feeding with arsenate 
of lead, 3 pounds to 50 gallons of water. 

1 Caculo Is the common name under which the grub of the May beetle Is known io 
'. >rto Rico. 
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BBOWN ANT. 
(Solenopsis geminata.) 

Ants are always found where the white fly and the Lecanium scale 
are present. They attend these two insects to obtain the honeydew 
řecreted by them. When their supply of food is suddenly cut off, ants 
often attack the young, tender shoots of the orange, eating them at 
the point where they join the branches. They also eat young, tender 
leaves, and a few cases háve been observed where they had cut holes 
in ripe fruit. Under these conditions much damage is doně. They 
also carry sand up around the base of the trees, and when there is 
scant food supply they gnaw the bark of the tree where it is covered 
by their sand houses. (PÍ. I, fig. 1.) Often when pineapples háve 
been removed from between rows of orange trees the ants attack the 
latter in great numbers, scarring the trees, eating young, tender 
shoots, and cutting holes in the fruit. 

When they appear in this way they must be killed by spraying. 
The simplest and most inexpensive spray that has been ušed is car- % 
bolic acid and soap. The formula for this emulsion will be found in 
the section under " Formulas. "' In spraying for ants it is advisable 
to locate the nests and destroy the ants by spraying down into them. 
A second spraying is always necessary the following day, as many of 
the ants are away from their nests at the first spraying. In spray- 
ing large nests it is a good pian first to spray a circle around the 
nést and then to spray directly into it, thus making it impossible for 
the ants to crawl out and insuring their being killed by the emulsion. 

WOOLLY WHITE FLY. 

( A leyrodes howardi. ) 

This white fly, found in Porto Rico, is not the common citrus white 
fly of Florida, although the latter has recently become established 
there. It feeds upon the guava and orange, and has been determined 
through the kindness of Dr. L. O. Howard as Aleyrodcs howardi. 

It appears on the underside of the leaf and is usually attended by 
ants, which feed upon the honeydew which it secretes. The eggs 
look like little spots of dust on the underside of the leaf. In a short 
time these develop into larvae, which spin white, silky mats. It is 
during this stage that the ants attend them. Later the larva trans- 
forms into a pupa, wjiich develops into a tiny insect resembling a 
minuté fly. 

It is recommended that a strong emulsion of kerosene be applied, 
about one part of stock emulsion to six of water, a second application 
following in about two weeks. 

[No. 10] 
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BED SPIDEB. 

There exists on the island a little red spider which feeds upon the 
essential oils of the orange. The leaves and fruit become růsty in 
appearance when this oil is removed. The spiders prefer the under 
oř shady side of a fruit oř leaf on which to feed, and for this reason 
oranges sometimes become růsty on one side only. The eggs are laid 
on the underside of the leaves, along the midrib. They are pinkish- 
white in color and the empty eggshells resemble minuté pearls. The 
young are light yellow, láteř turning red. The adults can be readily 
seen with a magnifying glass crawling over the leaves. 

The adult is readily held in check with sulphur sprays oř with 
any soap or kerosene spray which will kill soft-bodied insects. The 
eggs are not so easily killed, and it is therefore advisable to spray a 
second time two weeks later. 

Sulphur may be applied dry by throwing it into the trees or by the 
use of blowers. This should be doně in the morning, when trees are 
wet with dew, or immediately after a rain. 

These insects are most prevalent during extended periods of 
drought. During the rainy seasons they are held in check by the 
rain, as they are washed to the ground and destroyed. They were 
first observed in the station grove in 1908. 

BUST MITE. 

During the spring of 1909 the růst mite was noticed for the first 
time on the orange, grapefruit, and lemon. This mite closely re- 
sembles the Florida species and probably is identical with it. It is 
smalL can not be seen with the naked eve, and it is onlv bv careful 
search with a strong glass that it can be found. Its habits are the 
samé as those of the red spider. The eggs of the růst mite are not 
always laid on the underside of the leaves, but are often found on the 
surface and on the fruit. They are silvery in appearance and, being 
minuté, are hard to distinguish from the oil cells. The leaves and 
fruit of a tree infested with růst mites are of a dirty green color, 
caused by the breaking down of the oil cells and the presence of the 
cast-off skins of the insects, which are whitish. 

The adult mite is of a lemon color; the head is three times as broad 
as the body, there being a gradual tapering from the head backward. 
The adult has two pairs of legs on the anterior portion. The růst 
mite is not active like the red spider, it being verv difficult to deter- 
mine if they even change their position. 

Treatment for the růst mite is the samé as for the red spider. 

[No. 10] 
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PTTBPLE SCALE. 

m 

(Lepidosaphes beckii.) 

The purple scale is present in all cultivated and wild groves of this 
island, and is the most serious orange pěst in Porto Rico. It appears 
not only on the trunks and branches of the trees, but also on the 
leaves and fruit. It is on the young branches and fruit that most 
damage is doně; the former are often killed and the latter so badly 
spotted with scales that it has to be washed before shipment. 

The lif e history is as follows : The eggs are very small, pearl white, 
usually from 40 to 80 in number. The laying continues over a period 
oř 8 to 11 days; the first eggs hatch before the last are laid. Condi- 
tions often so affect the hatching of the eggs that the hatching period 
may extend to 16 or 18 days. Some eggs kept at the laboratory did 
not hatch until the eighteenth day, whereas others hatched in 8 days 
under the samé conditions. This delay in hatching makes spraying 
less effective. 

The young usually crawl from 12 to 24 hours before settling down ; 
after this they insert their sucking mouth parts into the epidermis of 
the leaves and develop a covering consisting of white, waxy threads. 
Under this coat or covering they remain for about two weeks, then 
form a second covering; at the end of three weeks the male scales 
can be distinguished from the females. 

The adult male appears in five weeks and can be seen, with the aid 
of a glass, crawling over the leaves and branches. At this period the 
females are not full grown, as it takés seven weeks for them to de- 
velop. At the end of this time they are often found with eggs. The 
life cycle of the females requires from 8 to 9, and in some cases 10, 
weeks. The adult male scale is much smaller than the adult female, 
and both are reddish brown to dark purple in color. The adult fe- 
male resembles a minuté oyster shell. For this reason it is often 
called the " oyster-shell scale," but it should not be confused with the 
oyster-shell scale of the North, as they are two distinct species. 

The purple scale in the Tropics has no definite seasons for produc- 
ing its young. At the station and in various groves of the island 
crawling young háve been found at all seasons of the year. On 
account of its irregular appearance it is very difficult to eradicate 
by spraying. The adult female scales and eggs are not killed by 
any of the emulsions heretofore ušed by the planters. It is now 
recommended that those who are using kerosene and crude-oil emul- 
sions repeat their spraying in about 21 days ; this leaves ample time 
for the females which escape the first spraying to deposit their eggs 
and for the young to hatch out. 

[No. 10] 



14 

WHITE SCALE. 

(Chionaspi* citri.) 

These insects are generally f ound on the trunks and brancfaes of old 
trees. The infestation usually starts at the base of the trees and grád- 
uaUy works up among the branches and often into the young twigs. 
However, it very seldom spreads in this way on trees which háve 
been treated for the purple scale. The infestation is not so rapid 
as with the purple scale, even though it is not attacked by as many 
(or the samé) fungi as prey upon the purple scale. There is ? how- 
ever, a black fungus that parasitizes the white scale, but in cultivated 
groves this is rather slow in spreading. (PÍ. II, fig. 1.) 

Life-history studies of this scale made at the station show that it 
requires the samé length of time to develop as does the purple scale. 
The color of the male is white, with three parallel ridges extending 
longitudinally. The female is reddfch-brown in color and resembles 
the purple scale in generál appearance. The larva are yellowish-red 
and when crushed leave a yellowish-red spot The crawling young 
are pinkish-red, and with a magnifying glass can be seen crawling 
over the trunk and large branches of trees. 

The most effective emulsions are kerosene with carbolic acid, 1 part 
of the mixture to 5 of water, and crude oil with carbolic acid, 1 part 
of the mixture to 15 or 18 of water. The directions for making these 
emulsions will be found on page 28 of this bulletin. 

In groves that háve good windbreaks this scale is held in check 
by fungi, and spray ing is not necessary. 

FLORIDA RED SCALE. 

(Ckrysomphalu* aonidum.) 

The Florida red scale is quite prevalent in the citrus groves and is 
generally found on the leaves and fruit of the orange and lemon. 
This insect does not spread as rapidly as the two scales previously 
mentioned. but when found on the fruit it is very difficult to remove. 

It develops in about eight or nine weeks. The crawling young are 
yellow and settle down very soon after they come from under the 
mother scale. Their first covering is of a slate color, which changes 
in a few days to red. In about three weeks the sexes can be distin- 
guished, and in five weeks the males are full grown and, with the aid 
of a magnifying glass, can be seen crawling over the surface of the 
leaves. At this period the females are not fully developed. The 
young begin to come forth in about 7 weeks and continue to appear 
for from 9 to 11 days. 

The adult male scale is much smaller than the female. It is round, 
with a small flange on one side resembling a tiny red cap. The 
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them, there are certain groves in which the scale is held in check 
thereby. The following methods for introducing fungi are taken 
řrom Bulletin 94 of the Florida Station : 

First met hod. — Select a tree which is thoroughly infested with scale and 
tie a twlg in lt which has frulting spores of the red-headed or the white- 
headed íungus. The twig should be tied well up in the tree, bnt not so high 
that the wind will dry out the fungus. If there is plenty of fungus three or 
four twigs may be put in the tree so that the infection will be more rapid. 
The raln and dew wash the spores down the trunk and branches which are 
covered with scale and infect them. Fungi do not work as rapldly in young 
trees as in old ones on account of the lack of moisture. 

Second met hod. — By this method the leaves containlng fungi are introducecl 
into trees which are infested with scale. The leaves should be tied or pinned 
to the infested parts so that the raln and dew can distribute the spores. 
Where plenty of materiál can be obtained it is better to use the flrst method. 
as the twigs do not dry out as qulckly as the leaves. 

Third method. — This method conslsts of the introduction of trees which are 
infected with beneficial fungi. The method is practical. but the infection is 
not so rapid in the groves as when twigs are ušed in individua! trees. 

Fourth method. — Make a culture by placing a number of frulting spores in 
water and use as a spray for the scale- infested trees. 

This spraying should not be doně with a pump which has previously been 
ušed for spraying Bordeaux mixture or Ume sulphur, as these fungicldes will 
destroy the beneficial fungi. It is also well to use a pump which does not háve 
brass fittings ; a galvanlzed-iron sprayer is best 

The black fungi which prey upon the purple and white scales can also be 
introduced by tylng branches containing them into trees infected by scale. 

W1BBBBEAKS. 

Three important questions must be considered when purchasing 
land for planting: (1) Suitable soil; (2) shipping facilities; and 
(3) protéct ion from wind. 

This last question is by no means the least important, owing to the 
prev.ailing strong winds from the northeast. These winds are so con- 
stant that it is almost impossible to start a grove unless it is protected. 
If there are no natural windbreaks, artificial ones will háve to be 
established. 

Wind-swept groves can be easily distinguished from protected 
ones. The trees in the former háve a peculiar tired appearance; the 
branches are blown to one side and covered with scale ; the bark looks 
dead and new growth becomes twisted out of shape, and in a few 
months looks like the old. 

As all fungi thrive only under moist conditions, the beneficial kinds, 
therefore, nevěr appear in these groves on account of the constant 
action of the wind on the trees. 

There are certain groves on the island which háve been planted 
for three years and even vet look as if they had just been set out. 
Almost adjoining these groves are others, planted at the samé time 
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and in the*same kind of soil, which look healthy and are producing 
fruit. There is only one explanation for this difference and that is 
that on one side of the road briish has been allowed to grow which 
acted as a windbreak. 

One of the best examples of the effect of a natural timber wind- 
break is the Plantaje grove at Palo Seco. (PÍ. IV, fig. 1.) This 
grove until 1908 did not need to be sprayed for the purple or white 
scale. Since then some of the breaks háve been taken out and the 
scale has begun to come in. 

Another grove near Manati shows the effects of wind protection 
from the prevailing winds by hills, and spraying has not been neces- 
sary for two years. 

Many planters think that the first row of trees on the windward 
side will soon protéct the other trees, and give this as a reason for not 
planting windbreaks. This is sometimes true, but a great deal of 
linie is lost in waiting for these trees to grow enough to afford pro- 
tection. 

There is not a grove on the island that does not need in some part 
more protection from wind than it has at the present time. There are 
always certain parts of the orchard which appear older than others, 
though if the grower will examine his notes he will find that the trees 
are all the samé age and that there are windbreaks in localities where 
the trees are more fully developed; furthermore, that not as much 
spraying is required as in the unprotected parts. 

There are tw T o classes of windbreaks: Natural, such as hills and for- 
ests, and artificial, such as bamboo, mango, brush, sugar cane, pigeon 
peas, and bananas. There are two kinds of artificial windbreaks, the 
permanent break and the temporary. Permanent breaks are set out 
along the outer edges of groves for a permanent protection to them. 
The temporary breaks are set out between the rows of trees and are 
removed as soon as the trees afford protection for themselves. 

Bamboo is one of the best quick-growing permanent windbreaks. 
One year after planting it serveš as a good protection for young trees. 
It should be planted during the wet season, using cuttings about 2 
feet long. Good results háve been obtained by laying whole sticks in 
a foot trench, burying them with 4 inches of earth and covering with 
a little trash to keep the soil from drying out. 

The mango is usually set out as a permanent break, but on account 
of its slow growth it yields very little protection for the first three or 
four years. (PÍ. IV, fig. 2.) In planting mangoes it is best to omit 
at least one row of citrus trees and cut a deep ditch between them and 
the mangoes, so that the roots of the latter will not extend into the 
grove. It is advisable to head the mangoes low, so that it will act as 
a break as soon as possible. Some varieties of Indián mangoes are 
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excellent and far superior to the native fruit. There is no fiber and 
the turpentine taste is wholly absent. 

JPermanent windbreaks of native mangoes can be planted and 
then inarched or topworked to the Indián. The best success has been 
had at the station with inarching. Some of the 4-year-old inarches 
are now bearing their first crop of fruit. If the mango is set out 
and grafted, it not only affords a fine windbreak, but may become a 
source of revenue. 

In planting brush land in sections where the winds are strong it is 
advisable to leave a strip of uncut timber 20 feet wide every 300 to 
400 feet to act as natural windbreaks. The distance between the 
strips should vary according to tKe land. When the land slopes 
away f rom the wind the breaks should be farther apart. 

Pigeon peas are ušed with success in young citrus groves as tem- 
porary windbreaks. (PÍ. V, fig. 1.) This plant gathers nitrogen 
and thus answers two purposes — acting as a windbreak and return- 
ing nitrogen to the soil. The plant lasts about two years and then 
dies. However, the old stocks may be cut back and new sprouts 
allowed to come up. The trash made by the leaves and small branches 
adds a great deal of humus to the soil. It is not as ravenous a feeder 
as the banana. 

Bananas are also ušed as temporary breaks. (PÍ. V, fig. 2.) They 
are very quick growing and afford excellent protection to young trees. 
Sometimes they are a good investment, as the crops often pay for the 
cultivation. There is one disadvantage in the banana as a windbreak. 
It is a grosg feeder, and if not watched sends its roots into the grove 
and robs the young trees of their nourishment, and unless they are 
very heavily fertilized their growth will be retarded after the first 
year and a half. This may be overcome by heavy application of 
fertilizers or by plowing a deep furrow along the row of bananas, 
thus cutting the roots so that they will not extend into the grove. 

Temporary windbreaks should not be removed from young groves 
all at once. It is best to remove them gradually, especially those of 
banana and pigeon pea. Alternate rows should be removed, leaving 
some protection, especially when the permanent break is not suffi- 
ciently large to protéct the whole grove. When it is found that some 
areas still need protection, they should be left with a windbreak, even 
if the uniform appearance of the grove is marred. The trees thus 
protected will soon attain the size of the other trees. 

SCAREED FRUIT. 

Insects are not wholly to blame for all disfigured and discolored 
fruit. The constant chafing of a young orange, when a week or two 
old, against a leaf will produce a scar in the mature fruit ; scars are 
also produced by the fruit hitting thorns. Many fruits, especially 
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thoee on the lower branches, are injured by animals or by cultivators, 
as it takés only a very slight knock to bruise a young orange. 

A number of observations were made of scars caused by the chafing 
of the wind, and it was found that there was a marked difference in 
the amount of scarring on the two opposite sides oř the tree. In one 
čase the windy side showed 23 scarred to 234 unscarred fruits, while 
the lee side of the samé tree showed 7 scarred to 210 unscarred. This 
scarring was caused by the constant rubbing of the fruit against 
leaves oř small branches. The scars appeared on the very young 
fruit and looked dark, more like a bruise. As the fruit ripened the 
bruise hardened, lost its green color, and appeared sil very. (PÍ. I, 
fig. 2.) 

The scars made by ants are altogether different from those pro- 
duced by the wind, the former being deep-seated and caused by the 
insects removing some of the epidermis and eating into the fruit. 
(PÍ. I, fig. 2.) 

There are several species of «ants which feed upon the nectar 
secreted by the orange blossoms. The brown ant and the little black 
ant are especially fond of the nectar. These two species háve been 
seen working in the blossoms in the early morning, sipping the nectar, 
and toward noon, when it has been exhausted, attacking the unopened 
blossoms, oř young fruit. Some cases háve been observed where the 
green calyx leaves were eaten so badly that the fruit dropped. In 
other cases the pistil was chewed off and the fruit nevěr developed. 
Again, the brown ant sometimes cuts holes in the young fruit. 

Ants do more damage during years when there is a scanty bloom or 
when the bloom extends over a prolonged period, as they eat the 
fruit when not supplied with sufficient nectar. 

Scars made by the small orange-leaf weevil are of the samé char- 
acter as those made by the ants, only they are much larger. 

Mites and spiders produce discolored fruit. They pierce the oil 
cells with their beaks and remove the oil, causing the fruit to turn to 
a brown or russet color. 

Fruit růst is also caused by a fungus which destroys the oil cells. 

During the bloom of February, 1909, it was found in one grove that 
from 13 to 45 per cent of the young fruit which had just formed 
was scarred by ants and other insects. A few experiments were car- 
ried on to see whether this scarring could be stopped by spraying. 
Kerosene emulsion made with crude carbolic acid, 1 part to 17J parts 
of water, was applied to trees in full bloom ; the spray was f orced 
down into the blossoms. Four days later the new fruit which had 
just formed was examined and showed only 5 per cent scarred, while 
fruit taken from the check rows adjoining showed from 45 to 55 per 
cent scarred. 
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The second lot of scars was caused by sucking insects and ap- 
peared as if a sharp pin had been drawn across the fruit. The skin 
was broken and the oil cells were destroyed. The scars were prob- 
ably caused by thrips. which were present in these trees in great 
numbers. 

NOTES OH SPEAYIHG. 

Spraying not well doně is but little better than no spraying at alL 
Every part of the tree must be covered with the eraulsion, as the 
parts left untouched beconie sources of immediate infection. In 
spraying for scale, for example, it is not the amount of emulsion ušed 
that does the work, but the emulsion that actually coverš the scale 
and penetrates its covering. 

Trees can be sprayed more easily and much better work can be 
doně immediately after pruning, as the operátor of the nozzle can 
hold the extension rod into the center of the tree and direct the spray 
outward and at the samé time cover the underside of the leaves. If 
the trees are headed low and the centers are well opened not so much 
of the emulsion is wasted, and the work can be doně more quickly 
and better. 

In spraying trees it is best to commence at the base and work up. 
spraying the underside of the branches and leaves first, gradually 
working toward the top. If the trees are not too large with open 
centers, and the operátor has a long extension with a one-fourth 
elbow connection for the nozzle, all the spraying may be doně from 
one side of the tree. The one-fourth elbow is very useful in this 
work, as it not only enables the operátor to reach the underside of the 
trees, but also to spray the tops by raising the rod above the tree, 
thus directing the spray downward without adjusting the nozzle. 
Pains should be taken to cover every spot, especially the underside of 
every leaf, as many of the insects are found there. 

Where strong oil emulsions are ušed it is recommended to hill up 
the earth around the trees previous to spraying, and afterwards to 
clear the earth away so that the oil will not remain around the trunk 
and soak down to the roots. In sandy soils the earth may be thrown 
up quickly by the operátor immediately preceding spraying, but 
where the soil is firm a man or boy should precede the sprayer to do 
this, as it will savé time. The soil should be removed as soon as the 
spray stops running down around the base of the tree. 

COVEBIKO FOR OPERATORS. 

Operators of sprayers need something to protéct their clothing, 
as it is impossible to spray trees against the wind without getting 
wet, and furthermore, it is not likely that the work will be doně 
thoroughly - under such conditions. The .spraving apparatus should, 
therefore, be provided with a long extension rod which permits the 
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operátor to stand at one side and direct the spray into the tree. He 
can also protéct himself with a coat made by cutting three holes into 
říome light-weight cloth, such as flour sacking or gunny cloth frpm 
sacks, which answers the purpose very well. 

SPRAYING MACHINEBY. 

Sprayers are divided into two classes, hand and power sprayers. 
At the present time there is only one power sprayer on the island, 
all work being doně by barrel and knapsack pumps. The most com- 
nion sprayer in use is the barrel pump, mounted on a two-wheel cart 
and drawn by hand or by a mule. Barrel pumps are more satis- 
factory when fitted with extension rods and two hoše each from 25 
to 30 řeet long. Much time and labor are saved by using long hoše, 
as it is much easier to draw a line of hoše around a tree than it is 
to haul a spray cart around it ; and as spraying has to be suspended 
while moving the cart, much time is lost. A two-wheel cart drawn 
by a mule is a good arrangement for orange spraying, as it does not 
také up much room and the driver does the pumping. 

The knapsack and small compressed-air pumps are very useful in 
spraying trees for ants or pineapples for mealy bugs ; also for use in 
gardens and on trees up to the age of 1£ years. As the trees become 
larger they require a greater amount of emulsion to wet them thor- 
oughly and a great deal of time is consumed in fílling a knapsack or 
small compressed-air pump, therefore a barrel pump at this stage is 
more satisfactory. 

Extension rods and hoše attachments are also a great addition to 
hand pumps. One objection to the small compressed-air pump is the 
lack of an agitátor, and under these conditions the ingredients of the 
spray are liable to separate from each other; this is especially true in 
using emulsions which contain arsenate of lead. 

Power sprayers are classed according to the kind of power ušed in 
running the pumps, such as gasoline, steam, compressed-air, and 
geared sprayers. 

Geared sprayers are those which receive their power from a series 
of gears and chains which connect the pump with the running gear 
of the wagon. These sprayers are ušed for garden truck, cotton, 
grain, and grapes, where the wagon can move along continuously. 
This arrangement is not as satisfactory for spraying in orange groves, 
as the trees are planted so close together that sufficient power would 
not be generated by passing from one tree to the next. It might be 
possible to obtain sufficient power to spray altemate trees, but as all 
spraying in Porto Rico is doně with trees in foliage, it requires much 
more liquid than for trees of the samé size which háve shed the 
leaves. 
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Of the various power sprayers on the niarket the gasoline engine 
type appears to be most practical. especially for spraying fruit trees. 

AOITATOBfl. 

Every pump should be supplied with a good, strong agitátor to 
give the best results. 

There are two classes of agitátore for barrel pumps ; the most satis- 
factory kind is the one which consists of two paddles attached to an 
iron rod, which is connected with the pump handle; thus at every 
stroke of the pump the paddles are in action keeping the emulsion 
thoroughly mixed. 

The best agitators for power sprayers are of the rotary type. 
They are made in the form of a propeller and connected with the 
engine. As soon as the engine is started the emulsion is being thor- 
oughly mixed. Dasher agitators are not as satisfactory as the pro- 
peller type. They are more liable to give out, as there is a jerking 
motion caused by their imperfect connections with the engine. 

EXTENSION RODS. 

Extension rods enable the sprayer to do much better work. They 
are generally ušed on barrel sprayers and power outíits, but are also 
practical when ušed with knapsack or bucket pumps. 

The length of the extension rods to be ušed should vary according 
to the kind of spraying to be doně. Bucket and knapsack pumps for 
spraying young trees 5 to 6 feet high should be íitted with extension 
rods 3 feet long. Barrel pumps should be equipped with extension 
rods and the length should depend upon the size of the trees to be 
sprayed. For trees 10 to 12 feet high use a 6 to 8 foot extension rod, 
while trees larger than this should be sprayed with a 10-foot rod. 

Extension rods made of one-fourth inch brass tubing covered with 
bamboo are very light and not cumbersome. All rods should be sup- 
plied with stopcocks, which enable the sprayer to shut off the stream 
and examine his work. Homemade extension rods can be made with 
a piece of one-fourth inch pipe threaded at both ends so that one end 
will fit the stopcock and the other the nozzle. 

For Aery large trees spraying towers are recommended. These are 
often built on top of a tank wagon. They are usually supplied with 
power outíits and are made in sections, so that they may be removed 
when not in use. 

NOZZLES. 

There are two generál types of nozzles, the Bordeaux nozzle, which 
produces a fan-shaped spray, and the Vermorel, which produces a 
conical spray that breaks up into mist. The spray from a Bordeaux 
nozzle carries much farther than the Vermorel before breaking up. 
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Both types are ušed on the island, but the Vermorel is ušed almost 
exclusively for spraying with oil emulsions. The fine mist produced 
by this nozzle is preferred when nsing oil, as it takés only a small 
amount of it to cover the insects. In the form of a fine mist the 
emulsion is more evenly distributed. 

Vermorel nozzles are made in two sizes; the small size is made with 
disgorgers whereas the large size is made without them. The large 
nozzles are more suitable for barrel pumps and power sprayers, and 
the smaller ones for knapsack pumps. In spraying small trees the 
small nozzle is more satisfactory, as little emulsion is lost. Large 
nozzles should be ušed only where there is sufficient power in the 
pump to produce a fine mist. 

Drench spraying is not as satisfactory as* mist spraying, as a great 
deal of the solution is lost. 

INSECTICIDES AND FTTNGICIDES. 

INSECTICIDES FOR BITINO INSECTS. 

PARIS GREEN. 

Paris green can not be ušed as effectively here as in the United 
States, on account of the heavy tropical showers which occur nearly 
every day during the rainy season. In some of the drier parts of the 
island this insecticide with air-slaked lime can be ušed with good 
results as a dust spray. 

ARSENATE OF LEAD. 

Arsenate of lead has been introduced, and at the present time it is 
taking the pláce of Paris green ; it is not readily washed off by the 
rains, and it can also be ušed without any danger of burning the 
foliage. The formula is as follows: 

Arsenate of soda (50 per cent strength) ounces__ 4 

Acetate of lead do 11 

Dissolve the arsenate of soda in 2 quarts of water and tbe acetate of lead 
in 4 quarts of water, using wooden vessels. Pour the solutlons together and 
add 10 to 50 gallons of water. The whlte přeci pi ta te formed is arsenate of 
lead, which remains in very fine particles nnd is lield In suspeusion much longer 
than Paris green. It can also be nsed with Bordeaux mix ture or with kero- 
8ene emulsion. 

AR8ENITE OF LIME. 

Formula for preparing white arsenite of lime is as follows: 5 

White arsenlc pound-_ 1 

Crystal sal soda do 4 

Water gallon__ 1 

* IT. 8. Dept. Affr., Farmers' Bul. 1L'7 (rov. od. 1008). 
[No. 10] 



24 



Mr. Marlatt savs: 



Pláce the above lugredientH in an iron vessel, whlch is to be kept exclusively 
for tbis purposc, and boil for 20 mí nu tes or untll dissolved. To 40 or 50 galtons 
of water a pint of tbis stock solutlon and 3 to 4 pounds of freshly slaked Ume 
are added. Tbis excess of linie not only takés up any free arsenic but by its 
distrlbution on tbe foliage enables one to determlne bow well tbe spraying bas 
been doně. Tbis formu la bas been thoroughiy tested and ušed now for many 
years, and is fully as efficient as any other arsenlcal and far cbeaper. Chemíc- 
ally it is arsenite of Ume. Tbe soda is ušed to hasten tbe process and to insure 
tbe combinatlon of a 11 tbe arsenic witb tbe lime. Tbe greatest care should 1h» 
cxercised in preparing tbe stock mixture, and afterwards It sbould be plainly 
labeled to prevent its being mistaken for some other substance. Tbe only objec- 
tion to its use is tbe necessity of bandling the poisons in its home preparát ion. 

INSECTICIDES FOB SUCKING INSECTS. 

A great number of contact poisons are being ušed in the island for 
destroying the various scale insects. Among the most promising are 
the miscible oils, crude petroleum, kerosene emulsion, and lime-sul- 
phur wash. 

Many of the best emulsions háve been condemned because they were 
not made exactly according to the formula. This has been especially 
true of the crude petroleum and kerosene emulsions. Not enojigh 
attention has been paid to the making of these emulsions. Often in 
ordering the ingredients the speciíications are not clear, and as a con- 
sequence the goods that arrived are not just what was desired. Im- 
perfect emulsions, in which the oil separates again from the water 
after being diluted, result from the use of hard water and from 
shortening the time required in mixing. Rain water should be ušed 
in making emulsions. 

MISCIBLE OIL8. 

Miscible oils are concentrated solutions of ingredients which háve 
insecticidal properties to which it is simply necessary to add water 
to form the emulsion. They are usually handled commercially and 
háve become one of the most promising scale destroyers. A manu- 
factured miscible oil is ušed by some of the fruit growers with good 
results, having proved itself to be one of the best scale remedies that 
has yet been tried. The large growers can not use it, however, as it is 
loo expensive. Tests made here show that a strength of 1 to 25 not 
only destroys all the crawling young and those bearing the first cov- 
ering, but also a great number of females with eggs. This emulsion 
has been ušed with good results on orange and grapefruit. At a 
strength of 1 to 20 some leaves dropped, but these were incrusted 
with scale or from badly infested branches. Homemade miscible 
oils were experimented with during 1908 and a number of formulas 
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háve been tried. The most promising are those made with crude 
petroleum and rosin oil. These give very stable emulsions and their 
destructive power is verv high. 

Miscible oils háve many advantages over the kerosene and cřude- 
oil emulsions. After the soap is once made no more heat is required 
to make the stock emulsion or the various dilutions of the stock 
emulsion. Only one-third of the soap is heated and the other two- 
thirds is made up of kerosene and water. The time required for 
making the soap is about an hour. 

If properly made they should not háve any free oil on the surface 
when mixed with water. Emulsions made with kerosene do not re- 
quire as much attention as those made with the heavier oils, such as 
rosin, parafin, or crude oil. 

On April 21, 1908, a number of experiments were made with the 
formula recommended in Bulletin 79 of the Delaware Agricultural 
Experiment Station. The trees were incrusted with scale at that 
time, but by March, 1909, they were absolutely free from scale. The 
scale did not immediately drop, but the trees háve been cleaned by 
the rains and do not appear as if they would need spraying during 
the coming season. No ill effects from these sprayings can be seen. 
The trees háve had their usual amount of new growth and blossoms. 

There is always a small percentage of leaves that drop, but they are 
usually the ones which háve been covered with scale and háve becoine 
weakened by the constant action of it. The loss of such leaves is not 
detrimental, as it is better that they be removed. Healthy, vigorous 
leaves are not injured. Similar results háve been obtained with 
parafin and crude oils. 

These sprays should be applied with a nozzle that gives a very fine 
mist. The oils are very penetrating, and for this reason a smaller 
amount of emulsion is needed than of the old kerosene emulsion 
sprays. 

Before the stock emulsion is taken from the barrel the whole 
mixture must be thoroughly stirred, as the oils are liable to separate 
upon standing. 

For stirring the emulsion a piece of board about 4£ feet long and 
4 inches vvide, to the base of which has been nailed a strip of board 
10 inches long by 4 inches wide, has been found convenient. By using 
such a paddle the emulsion at the bottom of the barrel, which is 
thicker than that at the top, is raised and the whole mass becomes 
uniform. It is always advisable to test the stock emulsion before 
taking any out for spraying. If any free oil is found, add a little 
water and after thoroughly stirring test it again. Continue this until 
a perfect emulsion is obtained. If this testing is not doně, an emul- 
sion with free oil is liable to be sprayed upon the trees, which will 
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kill some of thein. These emulsions are rather stable, and after one 
has determined the amount of water necessary to make a complete 
emulsion it very seldom varies. Where spraying is being doně on au 
ťxtensive scale the stock emulsion may be placed in the bottom of the 
spray tank and the water slowly added, stirring the whole until about 
half of the amount of water has been added. then the rest of the 
water may be added and the spraying begun. 

The dilutions of all formulas háve had to be changed, as all spray- 
ing in Porto Rico is doně on trees with foliage. The dihition of 
crude oil formula set forth in Bulletin 49 of the Connecticut Storrs 
Agricultural Experiment Station was changed from 1 to 15 to 1 to 25. 
the latter strength having exceptional killing powers. It not only 
kills the young purple scale, but also the females with eggs. 

The samé can be said of emulsions in which paraffin and kerosene 
oil are substituted for the crude oil. The miscible emulsions made 
with heavier oils do not evaporate as quickly as those made with 
lighter oils, and for this reason their killing power is extended over 
a longer period. It has often been observed that the old scales seem 
to retain a certain amount of oil which is later on set free by the 
rains. This seems to be sufficiently strong to kill any crawling young 
whose mother has escaped being killed. The oil particles of these 
emulsions made with kerosene were so finely divided that they could 
not be seen with low powers of a compound microscope. 

All the work doně with these emulsions has been on young trees 
which were not fruiting. They will be tested on trees with fruit to 
determine whether they cause the young furit to drop or whether 
they produce any discoloration. 

Directions for making miscible oils. — There are three steps to be 
taken in making miscible oil emulsions before the emulsion for spray- 
ing is obtained. First, the cooking of the soap and the adding of 
the kerosene and water. Second, making the stock emulsion out of 
the soap solution and various oils. Third, diluting the stock emul- 
sion for spraying. 

The soap solution should be made in the open air or under an open 
shed, as the mixture is inflammable when. it reaches 300° F. It is 
also advisable to make the soap solution in a receptacle that is large 
enough to allow plenty of room for boiling. When the soap reaches 
240° F. it begins to boil and continues to boil very violently until it 
reaches about 280° F. During this time the mixture foams and in- 
creases to at least double its. volume. It is, therefore, very necessary 
that the receptacle be sufficiently large- When the soap reaches 300° 
F. it should be removed from the fire and the kerosene and water 
added. First, pour the kerosene in slowly, thoroughly stirring the 
mixture ; allow this to cool a little, then add the water. It is better 
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to let it cool until the soap plus the kerosene is below 212° F. The 
f ollowing f ormula is ušed in making the soap solution : 1 

Menhaden oil gallons__ 10 

Carbolic acld do 8 

Caustic potash poundR— 15 

Heat to 300° F., and then add : 

Kerosene gaUons 14 

Water do 22 

In making the soap it is well to háve the kettle covered with boards 
with a hole in the center through which a thermometer can be placed to 
také the readings. It does no harm if the soap reaches 310 oř 315° F., 
but it is not safe to continue the boiling after the soap has reached 
300° F., as it is more liable to také fire. After the soap solution is 
completed the fire can be drawn and the mixture placed in a barrel, 
after which the kerosene and water are added. The soap should be 
slightly ropy, but should run readily and not separate upon standing. 
A half barrel of this soap has been left standing for six months with- 
out undergoing any change. 

Stock emulsions are made by the following formula : 2 

Soap solution gallons__ 8 

Crude oil do 18 

Rosin oil do 4 

Water- do 3 

Or more If needed. 

This formula does not statě definitely the quantity of water neces- 
sary to obtain an emulsion free from oil, as the amount to be ušed 
often varies. After the stock emulsion has been thoroughly mixed 
try a few drops in a glass of water, and if no oil appears the emulsion 
is ready to be diluted with the water for spraying. It is recom- 
mended to use 1 gallon of the stock emulsion to 25 gallons of water 
for trees without fruit. 

KEROSENE AND CRLDE-OIL EMULSIONS. 

Kerosene emulsion was one of the first sprays to be ušed by the 
fruit growers on the island. The results from one spraying with a 
solution 1 to 5 parts of water háve not been satisfactory, only the 
crawling young and those bearing the first covering being killed. 

Crude oils háve given better results. This oil does not evaporate 
as readily as the refined or lighter oils, therefore remaining on the 
trees for a longer period and killing more scale. A smaller per- 
centage of oil is required in the crude-oil formula. These emulsions 
break down more quickly than the kerosene emulsions, and for this 

1 Delaware Sta. Bul. 79. 

2 Connecticut (Storrs) Sta. Bul. 49. Modlfled by increaslng the amount of water ušed. 
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reason are not ušed to so great an extent. It has been shown by 
experiments that the destructive power of crude-oil emulsion, 1 to 15 
oř 18 parts of water, is equal to that of kerosene emulsion 1 to 5. 

While the price of these two oils is the samé, the kerosene makes a 
more expensive emulsion than the crude oil, as it is not so highly 
diluted, this difference in the cost of the two emulsions being about 
1 cent per gallon. 

KEROSENE EMULSION. 

Kerosene emulsion made with whale-oil soap is one of the oldest 
insecticides in use. It is not as difficult to make as the crude and 
miscible oil emulsions. It is not, however, as effective in controlling 
scale, but as it is easily made and does not separate it is still ušed 
by many fruit growers. The formula is as follows : 

Kerosene gallons__ 2 

Water do 1 

Whale-oil soap ounces— 8 

Put the kerosene oil in a spray pump. Dissolve the soap ni the water by 
boiling and pour the solution lnto the oil ; mix the whole by pumping for about 
10 niinutes, directing the stream back into the pump. Ií a large quantity of 
the emulsion is being made. it should be pumped longer. A creamy mixture 
should be obtalned, which will hold up from two to three weeks. 

KEROSENE AND CRUDE-OII. EMULSIONS WITH CRUDE CARBOLIC ACID. 

During 1908 crude carbolic acid was ušed in combination with both 
crude-oil and kerosene emulsions. These emulsions were tested micro- 
scopically and appeared very different from the emulsions made 
without the crude carbolic acid. The oil particles are more finely 
divided, in some cases their diameter being only one-third to one- 
fourth the size of those in emulsions made without the carbolic acid. 
The killing power of these emulsions is greater than those made 
without carbolic acid, and they are more stable. Very little, if any, 
free oil could be found, even after the emulsion was allowed to stand 
several hours. 

It seems quite possible that the carbolic acid will prove benefícial 
as a fungicide, but not to such an extent as the sulphur in the lime- 
sulphur mixture. Crude carbolic acid varies greatly in strength. 

The formula for kerosene emulsion containing crude carbolic acid, 
100 per cent (dark), is as follows: 

Kerosene gallons.. 2 

Water do 1 

Whale-oil soap (nard) pound— i 

oř — 

Whale-oil soap (soft) quart 1 

Crude carbolic acid, 100 per cent (dark) pint 1 
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This emulsion should be made the samé as kerosene emulsion. The 
carbolic acid is emulsified in the hot water with the soap. 

Crude carbolic acid has been ušed in the various crude-oil sprays 
for ants, and the tests show that the amount of free oil which usually 
appears on these emulsions is practically eliminated. 

CRUDE-PETROLEUM EMrLSION WITH SAL SODA. 

This formula has been ušed on trees which were inřested with 
purple and white scales and sooty mold. 

Crude petroleum gallons-- 5 

Water do 5 

Whale-oil soap pounds__ 2$ 

Sal soda do 2 

Plaoe the oil In a barrel. Dissolve the soap and sal soda in boiling water. 
Mix the two by pumping back into the barrel for 15 to 20 minutes. Stock 
emulsions made according to this formula háve given satisfactory results. Use 
1 part stock solution to 15 parts of water. 

LIME SULPHUR. 

Lime sulphur is one of the few simple sprays which we háve that 
has insecticidal and fungicidal properties, and for this reason it is 
becoming more and more popular. The only objectionable feature 
is the boiling, which takés from 40 to 60 minutes. The formula is as 
f ollows : 

Fresh lime pounds__ 20 

Flowers of sulphur do 15 

Water gallons— 60 

Pláce the sulphur in an iron kettle and add 1 oř 2 gallons of water, mak- 
ing the whole into a thick paste; heat, and when the mix ture reaches the boil- 
ing point add the lime. Sufficient water must be added from time to time to 
slake the lime, after which the mixture is left to boil until it becomes a dark 
olivě green ; this generally takés from 40 to 60 minutes. After the mixture has 
been thoroughly boiled, sufficient water is added to make 15 gallons, then it 
is strained and the remaining 45 gallons of water are added. This water does 
not need to be heated, as the boiled portion of the spray contains sufficient heat 
to keep the mixture warm while it is being put on the trees. It should be 
applied warm, although good results háve been obtained with cold lime-sulphur 
spray. In making large quantities of this mixture steam should be ušed for 
boiling. 

Lime-sulphur spray was applied to two rows of orange, grapefruit, 
and lemon trees in the experimental grove to compare the result with 
that from other sprays. This spray was made of 20 pounds of un- 
slaked lime, 15 pounds sulphur, and 60 gallons water. AU the crawl- 
ing young scale and full-grown male scale and also a high percentage 
of females with eggs were found dead. This spraying was doně on 
January 16, 1907, and eight days later no crawling young were found. 
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The results with lime sulphur are not equal to those obtained with 
the miscible oils made with kerosene, parafin, or crude oil. but they 
are far superior to the results obtained with the kerosene emulsion. 
The cost of the lime-sulphur wash is about the samé as that of misci- 
ble oils 1 to 20, but as it is advisable to use the oil 1 to 25, or in some 
eases 1 to 30, it makes the cost of the latter less than that of lime 
sulphur. 

Lime sulphur is not only a good insecticide, but it also has fungi- 
cidal properties. In groves where lime sulphur has been ušed there 
is practically no scale and very little růsty fruit. While this spray 
was ušed for the purple scale, it also held the růst mite in check. 

Great care should be taken in applying a fungicide unless it con- 
tains some insecticidal properties. The various scales are preyed 
upon by beneíicial fungi, which are sure to be killed by the fungi- 
cides; therefore it is recommended to apply an insecticide before or 
just after using a fungicide, so that the scale will not get too vigor- 
ous a start and injure the fruit ; or it is still more practical to apply 
a spray which is in itself a fungicide and an insecticide. Lime sul- 
phur seems to meet these two qualifications. This spray has at least 
two advantages over the oil emulsions; it remains on the trees and 
fruit for three to four months and during this time seems to retain 
some of its beneíicial properties. When it dries it is white, and 
thus one can readily see what part of the tree has been left un- 
sprayed. 

The fungicidal properties of lime sulphur do not remain on the 
trees as long as Bordeaux mixture. This has been observed in a 
grove where Bordeaux mixture was ušed, and the beneíicial fungi 
did not begin to control the scale until after the first year. Lime 
sulphur was applied in the samé grove, and at the end of six months 
beneíicial fungi had established themselves and were checking the 
work of the scale. 

( AU8TIO SODA AND SULPHUR WASH. 

The following formula has been ušed extensively for red spider 
and růst mite in Florida: 1 

Flowers of sulphur pounds__ 20 

Caustir soda, 98 per cent do 10 

Water ~ _gallons__ 20 

For spraying use 2 gallons stock emulsion to 50 gallons of water. 
This strength kills the mite and spider, but not their eggs. Sulphur 
may be added to kerosene and crue-oil emulsions as a remedy for 
mite and red spider. 

1 U. S. Dept. Agr., Farmers' Bul. No. 127 (řev. ed.). 
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FORMULA FOR EMUUSION FOR ANTS. 

Although the ant is a biting insert, very unsatisfactory results 
háve been obtained by the use of stomach poisons, as ants will only 
eat the bait for a little while. By the use of contact poisons ants 
can, however, be combated. The following formula has been ušed 
with great success : 

Water quart— 1 

Soap (Gooďs eauRtic potash or whale-oll soap or Falrbank'8 

bluecloud soap) pound— i 

Crude carbolic aeid, 100 per cent (dark) pint— 1 

D i eso lve the soap in water and add the crude carbolic acid, then add suffl- 
cient water to make 2 quarts. Thls should be ušed as a stock solution, using 
1 pint of the stock to 6 gallons of water. 

BORDEAUX MIXTTTRE. 

Bordeaux mixture is ušed in combination with arsenate of lead. 
In this way two sprays are applied at once — a stomach poison and a 
fungicide. This is far more economical and fully as good results are 
obtained as when the two sprays are ušed separately. The formula 
for Bordeaux mixture is as follows : 

Copper sulphate pounds.. 4 

Quicklime do___ 

Water gallons. _ 50 

Dissolve the copper sulphate in 25 gallons of water. Thls is very easily doně 
by putting the copi>er sulphate ln a bag which is suspended by a ropě in a 
barrel; this enables one to determine if all the sulphate is dlssolved. Slake 
the Ume in a small amount of water, then add sufflclent water to make 25 
gallons. The two lngredients, copper sulphate and Ume, may be ušed as a 
stock solution. For making Bordeaux, use equal parts of the two, pouring them 
into the spray tank at the samé time. 

Wooden vessels should be ušed for the mixing of the above, as 
Bordeaux mixture corrodes iron. 

Stock solutions of Bordeaux mixture may be made by slaking 50 
pounds of linie in a barrel and adding sufficient water to make 25 
gallons, then for each barrel of spray use 3 gallons of the lime 
mixture. In the samé way dissolve 50 pounds copper sulphate in 
25 gallons of water and use for each barrel of Bordeaux 2 gallons 
of this solution. To obtain the best results each of these solutions 
should be prepared separately with 25 gallons of water and then 
combined. 

In spraying with Bordeaux mixture a pump with a good agitátor 
is necessary, as the precipitate, which is a chemical union of the lime 
and copper, has a tendency to settle. All parts of the pump should 
be made of brass, not iron. 

[No. 10] 



32 

HINTS ON PXTBCHASE OF INGREDIENTS. 

Extréme care should be ušed in purchasing the ingredients for the 
soap and for the stock emulsions. There are a number of diflferent 
grades of the various ingredients on the market, but from experi- 
ence at this station and in the United States it is best to obtain the 
ingredients direct from large dealers and according to exact speci- 
fications. The following specifications and prices are quoted by 
New York firms: 

Pare menhaden, or fish oil, in barrel lots costs from 30 to 37 cents 
per gallon. 

Caustic potash, 92 per cent, ground. can be purchased at 8 to 9 
cents per pound by the hundredweight. 

There are a number of grades of carbolic acid on the market which 
range from 20 to 100 per cent. The lower grades are not suitable for 
making the soap as they háve a tendency to produce thick soaps, 
which do not emulsify the oils. The high-grade 100 per cent crude 
carbolic acid, of straw color, can be obtained for 40 to 45 cents per 
gallon in barrel lots. A 100 per cent crude carbolic acid, dark, has 
also been obtained, which has given equally good results. This costs 
a few cents less per gallon than the straw color. 

Rosin oil is a vegetable oil obtained from the turpentine distilleries 
and costs from 23 to 26 cents per gallon in barrel lots. 

SXFHMAET. 

The present condition of the citrus industry in Porto Rico is very 
promising. No insects are found in the groves that can not be held 
in check by thorough treatment. 

For biting insects, arsenate of lead is the best spray for the condi- 
tions that exist on the island. Paris green does not háve the adhesive 
power of the arsenate of lead. 

Sprays containing oils are ušed for scale insects, but they will also 
keep the růst mite and red spider in check. However, where spray- 
ing is being doně for the růst mite and red spider alone, it would be 
better to use sulphur sprays. 

The purple scale has been the worst enemy, but since windbreaks 
háve been introduced the beneficial fungi play a very important part 
in checking it 

The hemispherical scale and the Florida red scale are both held in 
check by the sprays ušed for the purple and white scales, and so is 
the white fly. It is very seldom that these insects need speciál treat- 
ment. 

It is considered advisable to piek all the fruit before the new blos- 
som growth starts, so that the sprayers may clean the trees well for 
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the new crop. If the trees are thoroughly cleaned in this way, there 
is very little chance for the fruit to become scaly. 

A great deal of the cultivated fruit has been disfigiired either by 
fungi, mechanical bruises, or by insects. Speciál attention is called 
to the last two causes of disfigured fruit. The insects causing the; 
worst scars on fruit are the ants, small orange-leaf weevil, růst mites*< 
and red spiders. The two last mentioned růst the fruit. 

All these insects, however, are held in check by sprays described ijfe- 
this bulletin. 

Mechanical injuries are caused by the fruit rubbing or hitting 
against some foreign object, as the leaves or branches. 

EMULSIONS. 

Of the various oii emulsions which háve been introduced the most 
promising are the miscible oils and the crude-petroleum and kerosene 
emulsions, the last two being made with crude carbolic acid, 100 per 
cent (dark). 

At the present time miscible oils are recommended only for trees 
which háve not come into bearing. No test has been made on trees 
with fruit. It may be possible to use these emulsions on trees with 
fruit by changing the formula, but when this is doně a second and 
perhaps a third spraying will be necessary, as the highly diluted spray 
kills only the young. 

In purchasing materials for homemade miscible oils great care 
should be exercised to obtain the exact ingredients called for in this 
bulletin. Homemade miscible oils will not be practical for small 
planters, as the ingredients in small lots are more expensive. They 
may be purchased, however, by an association, or a number of small 
planters may club together to purchase them. 

For trees without fruit it is recommended that the small planters 
use kerosene or crude-oil emulsions made with 100 per cent crude car- 
bolic acid (either straw colored or dark) ; use 1 to 5 for kerosene emul- 
sion and 1 to 16 or 18 parts of water for crude oil for the purple and 
white scales, and repeat spraying in three weeks. 

For trees in fruit use kerosene or crude-oil emulsions made with 100 
per cent crude carbolic acid (either straw colored or dark) ; dilute 
them 1 to 8 or 1 to 25 parts of water, respectively, repeating the spray- 
ing every two weeks for four or five times. 

Kerosene and crude-oil emulsions are greatly improved by the 
addition of a small amount of crude carbolic acid. When carbolic 
acid is ušed the oil particles are more finely divided and the emulsions 
are more uniform. This is especially true of crude-oil emulsion. 
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Emulsions made with sal soda are especially adapted to groves 
having an abundance of sooty mold. This fungus accompanies the 
Lecanium scale and the white fly. 

Lime sulphur wash is the best combination fungicide and insecti- 
cide. As an insecticide it is very valuable in combating the purple 
scale, red spider, and růst mite, and as a fungicide it is ušed for scab. 

Great care should be exercised in applying fungicides, as they kill 
all the beneficial fungi which prey upon the various scales. At tinies 
fungicides háve to be applied, but before using them the scale should 
be well under control; if not, an insecticide should be ušed imme- 
diately after the fungicide. 

TIME OF SPRAYING. 

Spraying conditions in Porto Rico are very different from those 
in the United States. Many insects háve no definite season of ap- 
pearance. This is especially true of the scale insects. The constant 
appearing of the young makes the work of spraying more difGcult. 
It is only by careful study and constant observation that one leams 
to recognize the condition of trees and is able to determine at what 
time spraying is necessary. 

Sometimes it is necessary to spray a crop of nearly mature fruit ; 
this complicates matters, as a much weaker solution will háve to be 
ušed than for trees without fruit. 

There is no distinct blossoming season of the orange over the 
island, and the samé may be said of the trees in individua! groves. 
Some years there is a very scattering bloom, some trees being in full 
bloom, while others háve not begun to show the blossom growth. 
The samé trees will bloom one year in February and the next year in 
May or June.. There are generally two periods of blooming, one in 
January and one in July. 

The rainy and dry seasons occur at different times in different parte 
of the island. The Mayaguez district may be having its dry season 
while the Rio Piedras and Pueblo Viejo districts are having their 
wet season. 

These varying conditions make it impossible to give hard and fast 
rules regarding the time of spraying. 

When the fruit is the size of a pea almost any spray will injure 
the crop ; thus spraying should be deferred until the fruit has reached 
the size of a walnut, as the fruits are then less liable to be injured by 
emulsions. A weak emulsion of kerosene, 1 to 8 or 9, or crude oil, 
1 to 25, should be ušed. As these are weak sprays, at least three to 
five spray ings will háve to be given at intervals of two weeks in order 
to kill all the insects. 
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WINDBREAKS. 

Windbreaks (Pis. IV and V) are as essential to a grove as a break- 
water is to an open harbor. In groves which are thoroughly pro- 
tected little, if any, spraying is needed for the purple and white 
scales, as the beneficial fungi. which thrive under moist conditions, 
hold the scalc in check. 

The mango gives the best permanent windbreak, and next to it 
comes the bamboo, which grows somewhat faster, but has no com- 
mercial value. 

Temporary windbreaks are numerous, and among the best are 
those afforded by the pigeon pea and the various classes of bananas. 
Bananas produce a very thick break in one year, and in this they 
excel the pigeon peas. Where trees are planted very close together 
the pigeon pea, which is a legume, should be ušed as a break. 

SPBAY PTTMPS. 

The knapsack pump is the most convenient size for spraying very 
young trees. The barrel pump is the most popular among the 
planters of Porto Rico. As the groves are developing and more 
spraying becomes necessary, it will soon be more practical to use 
power sprayers. 

With these more spray can be applied and at a less expense. At the 
present time some of the planters can not cover their groves in less 
than three to four weeks, and where sulphur sprays are being ušed, 
with a repetition at intervals of two weeks, it is almost impossible 
to do thorough work, as the spraying outfits are inadequate. 
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